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HE President, Dr. Theodore Miller 

asked that I organize a symposium 
around the theme “Interrelationships of 
Recent Advances in Radiobiology and 
Radiation Therapy.” It seemed to both of 
us that this was an area of activity of in- 
creasing interest which ought to be brought 
to the attention of the Society. Stimulated 
in part by the advent of nuclear energy for 
peaceful and military purposes in the past 
two decades, an enormous amount of new 
information has accumulated at the labora- 
tory level with regard to the effects of a 
wide variety of ionizing radiations upon 
living matter. This activity has been going 
forward in many countries, not least in the 
United States. 

As more facts accumulate about biologic 
processes, as is so often the case, at some 
point a sufficient body of information exists 
to permit the construction of hypotheses 
with regard to mechanisms of action. As has 
been repeated over and over in the relation- 
ship between fundamental sciences and the 
medical sciences, these hypotheses begin to 


have relevance to the treatment of patients. 
Over the past few years this has been occur- 
ring with radiobiology and radiation ther- 
apy. 

All of us are fully aware that radiation 
therapy as practiced today is largely an 
empiric art based upon observations of 
patients by ourselves and our predecessors. 
The current state of the art, which I believe 
can be said to be fairly high, has been 
achieved without substantial support, at 
least in the past generation, from activities 
at more fundamental levels. Happily, as 
will be seen in the papers to be presented 
today, the activities of the biologist are 
developing ideas which are beginning to be 
relevant to the manner in which we as 
clinicians approach patients who suffer 
from cancer. 

We are very fortunate to have as a par- 
ticipant Dr. L. H. Gray, who really needs 
no introduction. He is one of the deans of 
international radiobiology. His contribu- 
tions initially to radiologic physics and 
latterly to radiobiology are characterized 


* Presented at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. 
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by a clarity and breadth of thought which 
may fairly be said to be equalled by few 
other minds currently in the field. His work 
over the past decade, in recognizing the 
importance of oxygen tension as a modifier 
of the biologic effect of ionizing radiations 
and his sponsoring of the concept of clinical 
trials to test the implications of this princi- 
ple when treating patients with cancer, is 
already classic. 

Dr. William B. Seaman will discuss the 
initial results of the clinical trials to date 
and will describe the progress of the experi- 
ments at Columbia University, to test, ina 
formal way, the effect of modification of 
oxygen tension upon treatment of patients. 

Dr. Harvey M. Patt will discuss the theo- 
retic background for the modification of 
radiation response with emphasis on mech- 
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anisms of action primarily or exclusively 
not involving oxygen tension. His paper 
will not be published with this symposium. 

Dr. Malcolm Bagshaw of Stanford Uni- 
versity will discuss the prospects for the 
role of chemical potentiators in radiation 
therapy. 

It is re-emphasized that these matters are 
of the greatest importance to the future of 
radiation therapy. I am convinced that the 
principles to be considered today are but 
the forerunners of other considerations 
which will over the next two decades pro- 
foundly alter our understanding of the ac- 
tion of ionizing radiation in cancers and in 
normal tissues in man. This understanding 
will influence favorably our ability to treat 
successfully patients with cancers with 
ionizing radiation. 
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RADIOBIOLOGIC BASIS OF OXYGEN AS A MODIFY- 
ING FACTOR IN RADIATION THERAPY* 


By Dr. L. H. GRAY 
British Empire Cancer Campaign Research Unit in Radiobiology 
NORTHWOOD, ENGLAND 


‘PD EPRODUCTIVE integrity,” or the 

capacity of a cell for indefinite 
proliferation in a suitable environment, is 
an important concept to the radiotherapist 
since it is a requirement for the permanent 
cure of a cancer that the reproductive in- 
tegrity of every cancer cell should, by 
some means, be destroyed, irrespective of 
whether these cells die or differentiate. This 
contribution to the symposium will be con- 
cerned with the manner in which oxygen 
tension influences the proportion of a popu- 
lation of normal or malignant cells which 
lose reproductive integrity as a result of 
exposure to a given dose of ionizing radia- 
tion. 

Despite the fact that the reproductive 
integrity of mammalian cells is rather easily 
destroyed by ionizing radiation, the re- 
sources of the radiotherapist are stretched 
to the utmost in radical therapy. We shall 
see that this is understandable, having 
regard to the very large number of prolif- 
erating cells in a tumor of average size, if 
recent experimental determinations of the 
relation between the dose and the propor- 
tion of cells which retain reproductive 
integrity after irradiation i” vitro and in 
vivo are taken as a guide. We shall see, 
moreover, that the distribution of oxygen 
tension within a tumor may be crucial to 
success or failure, and we shall consider 
ways of correcting a situation in which the 
oxygen supply is inadequate. 

THE INFLUENCE OF OXGYEN ON THE 
LOSS OF REPRODUCTIVE INTEGRITY 
BY MAMMALIAN CELLS 
(a) EXPERIMENTAL OBSERVATIONS 


Although very many forms of radiobio- 


logic damage in many different types of 


cells are now found to show a characteristic 
dependence of sensitivity on the concentra- 
tion of oxygen in the immediate vicinity of 
the cells at the time of irradiation,!® it is 
only recently that the influence of oxygen 
on loss of reproductive integrity has been 
investigated. Figure 1 shows the results of 
one such investigation, carried out by my 
colleague, Dr. D. L. Dewey,” using cells 
derived from human embryo liver which 
were grown attached to glass under stand- 
ard conditions in a culture medium before 
and after irradiation. They were detached 
from the glass and irradiated in suspension 
at controlled oxygen tensions. After irradia- 
tion they were plated as single cells, follow- 
ing the methods elaborated by Puck ef 
al,?989.31 (see also reference 28). The sur- 
vivors which give rise to microscopic clones 
are those which retain reproductive in- 
tegrity as defined above. 


SURVIVING FRACTION 


AIR OR O, 


4. 
500 1000 1500 


Fic. 1. Colony forming ability of human liver cells 
after exposure to roentgen rays in vitro (Dewey"). 
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Several features of these curves are im- 
portant to us: 

1. Over most of its length each curve 
relating log survival with dose is linear, but 
there is an initial shoulder to the curves 
such that the linear portion extrapolates 
back to about 2. 

2. All curves have the same shape, irre- 
spective of the concentration of dissolved 
oxygen, and may be superimposed by a 
simple contraction of the dose axis. This 
implies that the influence of the dissolved 


oxygen may be specified (for a given type of 


cell and given culture conditions) by a dose 
multiplying factor /(O,) which depends on 
the oxygen concentration but not on the 
dose. 


F(OQ:) = 
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ing the animal two minutes after it had 
been killed. 

Since it was observed that the adminis- 
tration of oxygen instead of air to the 
animal during irradiation did not signifi- 
cantly increase the sensitivity of the cells to 
irradiation, it was concluded that curve A 
represents the dose survival relation at 
maximum sensitivity. We may note (1) 
that curves A and B have the same shape, 
and indicate an extreme sensitivity ratio of 
about two and a half, in close agreement 
with the data presented in Figure 1, and (2) 
that the shape of the curves closely resem- 
bles those of Figure 1 in having a long 
straight portion—which in this case extends 
over five powers of ten—and in extrapolat- 


Dose required to produce a given survival in the absence of oxygen 


Dose required to produce the same survival at the specified oxygen concentration 


3. That cells irradiated in the presence of 
air and oxygen are equally sensitive, and 
both are about two and a half times as 
sensitive as those irradiated anoxically. 

4. That cells in the presence of a very 
small amount of dissolved oxygen, namely 
that which results from equilibration with a 
gas phase at 20°C. which contains only 0.27 
per cent oxygen, have a sensitivity about 
intermediate between that of anoxic cells 
and of fully aerobic cells. 

Figure 2 shows the observations of 
Hewitt and Wilson.?° Here also the survi- 
vors are those which retain reproductive 
integrity. However, in this case the cells, 
which are derived from a leukemia which 
arose spontaneously in a CBA strain of 
mice, have been grown in vivo, irradiated in 
the liver of the animal which they have 
invaded, and are tested after extraction and 
re-implantation into a new host of the same 
strain, by their ability to proliferate and 
give rise to a clinical leukemia. Thus, the 
cells are normally grown, irradiated, and 
tested for reproductive integrity in the 
living animal (curve A). Data for cells 
irradiated in the liver under anoxic condi- 
tions (curve B) were obtained by irradiat- 


ing back to about 2. 

The slopes of the long straight portions of 
the curves in Figure 1 are obviously steeper 
than those in Figure 2, both for cells irradi- 
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lic. 2. Tumor forming ability of mouse leukemia 
cells after exposure to Co gamma rays (Hewitt 


and Wilson®°), Lower: Curve A. Upper: Curve B. 
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ated anoxically and at high oxygen ten- 
sions, but if an allowance of 0.8 is made®:”* 
for the relative biologic effectiveness of the 
Co’ gamma rays used for the im vivo irradi- 
ations relative to the 190 kv. roentgen rays 
used in the 77 vitro studies, the sensitivities 
of the leukemia cells tested within the ani- 
mal differ only by 7 per cent from those of 
the human liver cells irradiated in vitro un- 
der comparable oxygen tensions. 

This very large measure of agreement 
between the two sets of data is rather re- 
markable. The two investigations from 
which these data are derived appear to be 
the only ones which have been made so far 
of the loss of reproductive integrity by 
mammalian cells under conditions of con- 
trolled oxygen tension. Numerous dose 
survival curves have, however, been pub- 
lished, such as those by Puck?’ and his 
collaborators and by Elkind and Sutton” in 
which the cells have been irradiated “‘aero- 
bically” without special attention to the 
prevailing oxygen tension. The results 
obtained in most cases are probably a 
measure of the maximum sensitivity, as far 
as oxygen is concerned. They are listed, 


together with those of Dewey” and of 
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Hewitt and Wilson,”’ in Table 1. In order to 
obtain as good an estimate as possible of 
the relative radiosensitivities which the 
different types of cells would display if all 
were exposed to radiation of the same 
quality at the same oxygen tension, an 
allowance of 0.8 has been made for the 
relative biologic efficiency for Co gamma 
rays relative to roentgen rays, and an al- 
lowance of 1.4 has been made* for the rads 

roentgen in the experiments of Puck*® and 
his colleagues, in which the cells were at- 
tached to glass during the irradiation. 


(B) SOME CALCULATIONS BASED ON THE 
EXPERIMENTAL OBSERVATIONS 


On the basis of the general agreement 
presented in Table 1, it seemed worthwhile 
computing cell survivals and cure rates, 
which might be expected when a tumor of a 
given size is exposed to a therapeutic dose 
of radiation at a given oxygen tension. To 
do this, additional information is required 
concerning the relative sensitivity of cells 
at intermediate oxygen tensions, and for 
this purpose the data of Deschner and 
Gray," (Fig. 3) were used. If the extreme 
sensitivity ratio is denoted by m the data 


TABLE I| 


D3; FOR LOSS OF REPRODUCTIVE INTEGRITY BY MAMMALIAN CELLS 


AEROBIC ANAEROBIC 


Tissue of Chrome Rad Ds:X Rads 
Mammal | Orie; some Author Radiation Extrapo 
i No. lation Rads lation Rads 
| No. X RBE* No. | XRBE 
Man | Hela S3 ~78 Puck and Marcus*® kvp. 2 136 
Carcinoma of | 
Cervix 
Conjuctiva ~78 | Puck et al.3! HVL=1.4 mm. Cu 2 1 36 
Liver ~78 | Puck e¢ a/.3! | HVL=1.4 mm. Cu 2 136 
| Appendix ~78 Puck eft a/.*! |} HVL=1.4 mm. Cu 2 136 
Skin (4 spec.) 46 =| Puck et a/.*! HVL=1.4 mm. Cu 1.6 I 
Spleen 46 Puck et al I 
Ovary 46 =| Puck et al! 
Lung ~74 | Puck et a/.3! 2 236 
Liver ~7E Dewey” 1g0 kv. 2 119 2 263 
Mouse Leukemia 42 Hewitt and Wilson”? | Co® y rays 2 12 2 293 
Hamster | Ovary 22 Elkind and Sutton™ | ¢¢ kv. re 142 


F * RBE assumed to be unity for all qualities of roentgen radiation and 0.8 for Co*® gamma rays. 


F Note: D 


7 is the increment of dose, measured on the linear part of the survival curve, which reduces the number of survivors by a 


factor I /e or 37 per cent. When calculating dose in rads, the correction has been applied where necessary” for the photoelectric emission 
from the glass to which the cells were attached. 


Data of Elkind and Sutton quoted as published. 
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Fic. 3. Influence of oxygen on radiosensitivity. 


are satisfactorily represented by 


RY [O. | 
=1+(m—1) 
Sy [O.|+ K 

where K is the concentration of dissolved 
oxygen [O.| at which the sensitivity S is 
exactly midway between the anoxic value 
Sy and the maximum aerobic value m-Sy. 

It was estimated that at room tempera- 
ture K=s5uM//, corresponding to a partial 
pressure of 2.8 mm. Hg. A possible depend- 
ence of K on temperature has not yet been 
fully investigated. In the absence of evi- 
dence to the contrary, it will be assumed 
that K is the same at 37°C. as at room 
temperature, so that, when allowance is 
made for the difference in the solubility of 
oxygen at the two temperatures, we con- 
clude that mammalian cells at 37°C. are 
probably midway between the anoxic and 
fully aerobic levels of sensitivity when the 
oxygen tension in the immediate vicinity of 
the cells is about 4 mm. Hg. Since the best 
estimate of m, derived from the data of 
Dewey” and of Hewitt and Wilson”? is 
about 2.3, loss of reproductive integrity by 
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mammalian cells will be assumed to be 
related to oxygen tension by the equation 


(1) 


where Po, is the partial pressure of oxygen 
in mm. Hg at 37° 

Below the shoulder, 7.¢., for doses above 
about 500 r, curve B of Figure 2 1s repre- 
sented by 
N D 
-= Logio 2 = 


Logio 
850 

Combining this with equation (1) we obtain 
the following expression for the fraction of 
mouse leukemia cells which survive a dose 
D when irradiated in the living animal at a 
partial pressure of oxygen equal to Po, mm. 
Hg 

N D Po, 


=0.3010———[ I1+1.3 ) 2) 


Curves based on equation (2) for doses of 
Co gamma rays up to 4,500 rads delivered 
to cells at partial pressures of oxygen equal 
to 0, 1.5, 4 and 40 mm. Hg are given in 
Figure 4. It is assumed that the logarithm 
of the surviving fraction continues to fall 
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Fic. 4. Survival of mouse tumor cells after a single 
exposure to Co® gamma rays at different oxygen 
tensions. Experimental data: Hewitt and Wilson,” 
and Deschner and Gray." 
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linearly with dose between 3,000 rads (the 
highest dose investigated experimentally) 
and 4,500 rads. The striking fact emerges 
that the proportion of cells which may be 
expected to survive a single exposure to 
4,500 rads is ten million times smaller if the 
cells are aerobic (40 mm. Hg) than if they 
are anaerobic at the time of irradiation. 
This may be expressed alternatively by 
saying that if there is to be no more than a 
1:10 chance of a single cell surviving a dose 
of 4,500 r, then the initial population of 
proliferating tumor cells may be as great as 
10"! cells (50 g. tissue) if they are aerobic 
when irradiated, but only 104 cells (0.008 
mg. tissue)—a clinically insignificant mass 

if they are anaerobic when irradiated. 
These masses are represented by cubes on 
the righthand side of Figure 4. Intermedi- 
ate sizes are shown for partial pressures of 
oxygen equal to 1. and 4 mm. Hg. 

Since microscopic examination®* sug- 
gests that in many tumors there may be 
discreet foci of anoxia in a mass of moder- 
ately well vascularized tissue, it is of 
interest to examine the curves shown in 
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Fic. 5. Survival of mouse tumor cells of which 1 per 
cent are at reduced oxygen tension. Experimental 
data: Hewitt and Wilson,2? and Deschner and 
Gray." 
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Fic. 6. Influence of the proportion of anoxic cells on 
cure rate. Co gamma rays; single exposure. 


Figure 5 which are based essentially on the 
experimental observations of Hewitt and 
Wilson” and of Deschner and Gray," as 
were those of Figure 4, but in which it was 
assumed that 99 per cent of the tumor cells 
are at venous oxygen tension and only 1 per 
cent are at the reduced oxygen tensions 
indicated alongside the curves. 

It is evident that the curability of a 
palpable tumor still depends critically on 
the oxygen tension of the partially anoxic 
cells, despite the fact that these amount to 
no more than 1 per cent of the total tumor 
cell population. 

If the chance of curing a tumor is taken 
to be the probability that no cell retains 
reproductive integrity, we may use the 
curves of Figure 4 and 5 to compute the 
relation between percentage cure rate and 
dose for a population of proliferating tumor 
cells of any given size. In Figure 6 results 
are presented for an initial population of 2 
108 tumor cells (about 0.2 g. tissue, 7.¢., 0.1 
g. tumor cells, assuming equal masses of 
tumor cells and stroma). The points inter- 
mediate between the “‘aerobic” and the 
“anaerobic” curves show the position of 
the 50 per cent cure points for cases in 
which a mass of predominantly aerobic cells 
contains a small percentage (0.1, I or 10 
per cent) of anoxic cells. The steepness of 
the computed curves is in striking contrast 
with what is generally observed in animal 
experiments and in clinical experience. The 


961 

be 

yn 

34 5 9 | 
nila 2 3 4 5 6 a 

ot 

se 

a 

n. 

2) 

d | 

al 

in 

m 

han 
| Y 15mm Ha 
| \ 
6 

n 

20 


Qa, Oy Ang dry weight/nour 2010 "cm sec 


| FRACTION OF CELLS 
WHICH SURVIVE 4500r wricr 


FRACTION OF CELLS 
HURVIVE 


ANOXIC 


VENOUS OXYCEN TENSION IN watts 


Fic. 7. Diffusion of oxygen into a cylinder 
of metabolizing tissue. 


significance of this will be discussed later. 

The curves of Figure 4 may be used to 
examine another facet of the problem of 
tissue anoxia in radiation therapy; namely, 
the expected influence of venous oxygen 
tension on the cure rate of tumors which 
have a histologic structure of the type ob- 
served in certain classes of carcinoma of the 
bronchus. Characteristically, hollow cy- 
lindrical masses of apparently viable cells 
are bounded externally by well vascular- 
ized stroma and internally by necrotic 
tissue.* The oxygen tension most certainly 
falls from the outer to the inner boundary, 
and reasons have been given for believing 
that cells near the inner boundary are at a 
very low oxygen tension or completely 
anoxic. The lower half of Figure 7 repre- 
sents a cross section of such a cylindrical 
shell of tumor, having an outer radius of 
300 w and an inner radius of 190 uw. The up- 
per half of the Figure (full lines) shows the 
computed distribution of oxygen tension 
through the cylindrical shell of viable 
tumor cells when the outer boundary (2.e., 
the stroma) is at 40, 50 or 60 mm. Hg. The 
broken lines show the corresponding frac- 
tions of surviving cells after exposure to a 
single dose of 4,500 r. A rough rule is that 
each 7 mm. Hg increase in oxygen tension 
at the surface of the tumor cords decreases 
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by a factor of 10 the fraction of cells which 
survive a dose of 4,500 r. 

Figure 8, curves B and B’, shows the com- 
puted cure rates for a tumor mass about 3 
cm. in each dimension, made up of a large 
number of such cylindrical cords and com- 
prising a total of 2.5 10! tumor cells. The 
oxygen tension at the surface of the cords is 
assumed to be 40 mm. Hg and 60 mm. Hg 
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Fic. 8. Influence of histologic structure and oxygen 
tension on cure rate. Co® gamma rays; single ex- 
posure. 

Top level: Distribution of oxygen tension. 

Middle level: Histograms showing disposition of 
surviving cells. 

Abscissae: The tumor is divided into imaginary 
cylindric cells, each § uw thick. Zone numbers in- 
dicate the sequence of these cylindric cells, 
counting from the axis (Type A) or from the 
boundary of the central anoxic region (Types 
B and B’). 

Ordinates: The proportion of survivors to be ex- 
pected in each zone. 

Bottom level: Computed cure rates. 
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in the case of curve B and B’, respectively. 

The estimated 50 per cent cure dose fora 
single exposure to Co®’ gamma rays is seen 
to be about 8,000 rads in the case of curve 
B, which is not much less than the figure of 
g,100 rads computed for the case in which 
all the cells composing the tumor are totally 
anoxic. If, however, venous tension were 
raised by 20 mm. Hg so as to give an oxygen 
tension of 60 mm. Hg at the surface of the 
cord, the 50 per cent cure dose, curve B’, 
would be reduced by a third to §,100 rads, 
which is only 25 per cent greater than that 
for a case in which all cells are fully aerobic. 

This study, especially the comparison 
between the positions of curves B and B’, 
encourages the clinical trial of any proce- 
dure, such as oxygen administration, which 
may Increase venous oxygen tension even if 
on physiologic grounds the expected rise in 
oxygen tension may not exceed 10-20 mm. 
Hg. The middle curve of Figure 8 corre- 
sponds to the case in which the surface 
oxygen tension is 40 mm. Hg and the tumor 
cords are all of “‘critical” size,® 7.e., oxygen 
tension just reaches zero at the axis of the 
cord and there is no central necrosis. 

At the middle level of Figure 8 the histo- 
grams show the disposition of the surviving 
cells. Except in the case of the cords of 
critical size, the majority of the cells which 
retain reproductive integrity will be ex- 
pected to be located within § uw of the inner 
boundary at which oxygen tension actually 
reaches zero. In the critical cords it is, for 
geometric reasons, the second 5 yw zone, 
counting from the axis which contains the 
majority of cells which retain reproductive 
integrity after irradiation. 

The array of § curves in Figure 8 illus- 
trates how the so per cent cure dose of 
tumors, composed entirely of cells having 
identical radiation sensitivity when meas- 
ured at the same oxygen tension, may be 
shifted progressively upwards from 4,000 
rads to 9,100 rads solely by differences in 
the histologic structure and blood supply of 
the tumor. The same conclusion is reached 
when other types of histologic structure are 
considered.*4 
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THE DISTRIBUTION OF OXYGEN 
TENSION IN TUMORS 

Since the balance between failure and 
success in radiation therapy may hinge so 
critically on the distribution of oxygen 
tension throughout the tumor, it is very 
regrettable that we are still so ignorant on 
this important point. Figure 7 gives some 
idea of the magnitude of the problem in- 
volved in attempting to obtain the required 
information directly by means of any kind 
of microelectrode. It is only oxygen ten- 
sions less than about 10 mm. Hg which 
are of interest from the radiobiologic 
standpoint. These are so far below normal 
venous tension that they are only to be 
expected at points which draw their oxygen 
from capillaries through which the blood is 
flowing abnormally slowly, or which are 
separated from the nearest functional capil- 
laries by tissue in which an oxygen gradient 
exists on account of tissue respiration. As 
shown in Figure 7, a point at which the 
oxygen tension is 10 mm. Hg may be sepa- 
rated from one at which it is zero by no 
more than 50 uw. This situation does not lend 
itself to detailed exploration by micropo- 
larographic electrodes, which inevitably 
distort the tissue structure and capillary 
arrangement at the points at which they 
are introduced, which constitute an unnat- 
ural drain of oxygen flowing into the re- 
gion, and which require that the oxygen 
should flow to the tip of the electrode under 
the sole influence of the diffusion gradient 
which would be set up in an undisturbed 
fluid if the current registered by the elec- 
trode is to be interpreted in terms of the 
oxygen tension in the region of the tip. 

The use of microelectrodes has, however, 
helped to establish that the average oxygen 
tension in tumors is often much below that 
in normal tissue, and has given valuable 
information as to the effect of ancillary 
treatments on tissue oxygen tension,?:*:*° 

Nearly thirty years ago Cramer’? and 
Mottram”: drew attention to the positive 
correlation between the curability of animal 
tumors and the vascularity of the tumor 
bed. Mottram, moreover, showed that the 
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cytologic damage sustained by tumor cells 
after exposure to a given dose of irradiation 
was much greater in cells which were close 
to the vascular bed than in those which 
were more remote.” In the light of the 
quantitative studies of histologic structure 
already referred to,® there can be little 
doubt about the existence of anoxic foci in 
tumors, but, to be important to the radio- 
therapist, these foci must contain tumor 
cells which have retained reproductive 
integrity even though they may not be 
actively proliferating in their nutritionally 
deficient environment. The best evidence 
for the existence of cells which retain repro- 
ductive integrity at radiobiologically low 
oxygen tensions comes from experiments in 
which tumors have been irradiated under 
increased or reduced oxygen tension. 


(A) CYTOLOGIC EVIDENCE 


Before commencing their clinical investi- 
gation of radiation therapy under increased 
oxygen pressure, Churchill-Davidson e¢ a/.’ 
examined the effect of oxygen administra- 
tion on the cytologic damage resulting from 
a test dose of 1,000 r. Eight tumors were 
selected and divided into two fields for 
irradiation. One field was irradiated while 
the patient was breathing air and one while 
the patient was breathing oxygen at 3 
atmospheres. The cytologic damage seen in 
the two fields was compared when the 
tumor was excised fourteen days after 
irradiation. Although the administration of 
oxygen under pressure had little effect on 
the overlying skin reaction, the cytologic 
damage to the tumor cells was judged to be 
greater in 7 cases out of 8. In some of these 
cases the difference was very marked. In 
the eighth case no cells of normal appear- 
ance were seen in either field, so no com- 
parison was possible. 


(B) EVIDENCE FROM ANIMAL TUMOR 
REGRESSION STUDIES 


Hollcroft, Lorenz and Matthews” ob- 
served that the administration of 95 per 
cent O./s5 per cent COs, instead of air, to 
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mice during irradiation increased the ef. 
fectiveness of the irradiation in causing a 
temporary regression of an_ implanted 
lymphosarcoma. 

Scott!’ and, independently, Dittrich and 
Stuhlman'* observed that increasing the 
partial pressure of respired oxygen im- 
proved the response of 2 different lines of 
Ehrlich mouse carcinoma to roentgen ir. 
radiation by a factor of 1.5 or more. The 
fact that these tumors are homografts 
which arouse immunity, probably does not 
invalidate the conclusion that oxygen ad- 
ministration increased the tumor response 
to roentgen rays,*” but may have influenced 
the extent of the increase. 

More recently, Thomlinson* has carried 
out an extensive investigation of the regres- 
sion of transplants of a tumor which arose 
in 1945 asa result of benzpyrene painting in 
Wistar rats which had been inbred since 
1939. The bodies of the animals were 
shielded and the tumors were irradiated (a) 
while the animal was breathing air, (b) 
while the animal was breathing air but the 
tumor was isolated from its blood supply by 
a clamp, and (c) while the animal was 
breathing oxygen at 4 atmosphere pressure. 
The effect of each ancillary procedure alone 
was controlled. As judged by the effects 
of the irradiation on tumor growth, 4,000 
r delivered to the anoxic tumors closely 
matched 2,000 r delivered to tumors hav- 
ing a normal unrestricted blood supply in 
animals breathing air; 4,000 r delivered 
to the tumor while the animal was breath- 
ing air closely matched 2,000 r delivered 
while the animal was breathing oxygen 
under pressure. The extreme ratio of the 
effectiveness of the irradiations, as con- 
trolled by available oxygen, is thus 4:1. 
When rats were breathing air, the effective- 
ness of the radiation on the tumor was ap- 
proximately midway between these ex- 
tremes. The technique used in_ these 
experiments represents an advance on pre- 
vious investigations in several respects, 
particularly in that immunogenetic differ- 
ences between tumor and host were cet- 
tainly small and probably negligible. 
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(c) EVIDENCE FROM STUDIES OF LOSS OF 
REPRODUCTIVE INTEGRITY BY TUMOR 
CELLS IRRADIATED JN VIVO 

As stated earlier, Hewitt and Wilson?° 
observed no increase in the effectiveness 
with which radiation induced loss of repro- 
ductive integrity in mouse leukemia cells 
which had infiltrated the liver when oxygen 
was administered to the animal instead of 
air during irradiation. A reduction in sensi- 
tivity amounting to a factor of ~2.3 was, 
however, observed if the cells were irradi- 
ated two minutes after the animal had been 
killed. From this it may be concluded that 
the leukemia cells which had invaded the 
liver were already at an oxygen tension high 
enough to confer maximum sensitivity 
when the animal was breathing air. 

In subsequent experiments (Hewitt and 
Wilson”!) the radiation induced loss of 
reproductive integrity by cells of a fibrosar- 
coma growing as a solid tumor in isogenic 
hosts was tested by a procedure similar to 
that used for testing the leukemia cells, 
except that the fibrosarcoma cells had first 
to be brought into a cell suspension by 
trypsinization. The effect of a given dose of 
radiation on loss of reproductive integrity 
was in this case found to be the same, 
whether the mouse was alive or dead at the 
time of irradiation. Only one or two dose 
levels have so far been tested, but the data 
at present on hand seem to show very 
clearly that a considerable proportion of the 
cells of the solid tumor which retain the 
capacity to proliferate when inoculated into 
a new host is normally situated in re- 
gions of extremely low oxygen tension. 

(D) EVIDENCE FROM DOSE RESPONSE RELATIONS 

FOR PERMANENT REGRESSION OF 
ANIMAL TUMORS 

For reasons discussed in detail by 
Scott,*?3 the use of homotransplants is 
unsatisfactory for this type of study and 
may, indeed, be completely misleading. In 
this section we shall draw upon data from 
those investigations in which an attempt 
was made to work with isogenic tumor and 
host by using spontaneous tumors or trans- 
plants of spontaneous tumors into animals 
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of the strain in which the tumor arose. The 
doses, moreover, are larger than those em- 
ployed in the experiments discussed in 
the section on cytologic evidence, and were 
such as to secure a complete regression of 
the tumors in a proportion of the irradiated 
animals. 

1. In the experiments of Cohen and 
Cohen,’ the roentgen radiation was deliv- 
ered as a single exposure while the animals 
were breathing air. The tumors were com- 
paratively large, v7z., I cm. in diameter, at 
the time of irradiation. For purposes of 
calculation the initial population of prolif- 
erating tumor cells has been taken to be 
about 1.5 10°. This is based on the observa- 
tions kindly supplied by Dr. E. A. Wright, 
who estimated the mean tumor cell diame- 
ter in mammary tumors of C3H mice to be 
about 7 uw. Since Cohen and Cohen used 240 
kvp. roentgen rays in their experiments, the 
survival curves of Elkind and Sutton (see 
Table 1) rather than those of Hewitt and 
Wilson” have been used to compute ex- 
pected cure rates for fully aerobic and com- 
pletely anoxic tumors. The experimental 
data of Cohen and Cohen, together with 
the two computed curves, are shown in 
Figure g. If the data of Dewey” (Fig. 1) 
had been used, the computed curves would 
be displaced to the left by a factor of about 
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Fic. 9. Cure rate of C3H implanted tumor in C3H 
mice (Cohen and Cohen’): 240 kvp. roentgen 
rays; 1.5 10° cells/tumor. Theoretic curves from 
Elkind and Sutton.” 
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0.8 in dose. It is evident that the experi- 
mental curve (broken line) is intermediate 
between that expected for tumors with 
fully aerobic cells and those in which all 
cells are completely anoxic. The authors 
believe that a better assessment of the dose 
required to cause permanent regression 
of a given proportion of irradiated tumors 
is obtained from the two experiments in 
which the tumors were grown in mice which 
had been exposed to total body irradiation 
to eliminate any possible residual im- 
munologic reaction of the host against the 
tumor. The results of these experiments 
are recorded in Figure g as two points 
which are seen to straddle the curve com- 
puted for completely anoxic tumors. 

2. The investigations of Du Sault, Eyler 
and Dobben' are particularly valuable 
because they were conducted with sponta- 
neous tumors and because some groups of 
mice were breathing air and some oxygen 
during irradiation of the tumor. Spontane- 
ous breast tumors in C3H mice were used 
and exposed either to 400 r of roentgen rays 
daily, or to 667 r three times a week. The 
data of Elkind and Sutton (Table 1) have 
been used to calculate the single exposure 
dose which would produce the same frac- 
tion of surviving cells as the fractionated 
dose actually employed by Du Sault et a/. 
By this means it has been possible to pre- 
sent the experimental data of Du Sault e 
al.* in Figure 10 in the form of the observed 
percentage permanent regression plotted 
against the equivalent single exposure dose. 
Curves for the percentage permanent 
regression expected to result from a single 
exposure to aerobic and to anoxic tumors 
are shown by the two full line curves. It will 
be seen (a) that the observed cure rate rises 
much more slowly with equivalent single 
exposure dose than that shown by the com- 
puted curves and (b) that in all four groups 
of animals, exposed at two different dose 
levels and with two different fractionation 
schemes, the administration of oxygen has 
improved the cure rate. In some groups the 
difference would not be statistically signifi- 
cant, but all four groups taken together 
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retic curves from Elkind and Sutton." 


show a significant influence of the oxygen 
administration. 

These experiments, therefore, provide 
direct evidence that, in spontaneous animal 
tumors, a proportion of cells which retain 
reproductive integrity are significantly 
hypoxic from the radiobiologic standpoint. 

3. Wright and Bewley® have irradiated 
transplants of breast tumors growing in 
C3H mice which were either breathing air or 
rendered totally anoxic by nitrogen admin- 
istration during a short exposure to 8 mev. 
electrons. Mice recover from the 50 second 
period of nitrogen asphyxia required for 
this form of irradiation without apparent 
harm. Tissue anoxia produced by this form 
of nitrogen asphyxia had previously been 
shown to reduce the sensitivity of the mice 
to delayed death following whole body 
irradiation by a factor of about 2.5. The 
spleen and thymus were also found to be 
protected to a similar extent. 

The series of observations on tumors 
irradiated under nitrogen asphyxia is not 
yet complete at all the dose levels tested. It 
is, however, clear on the basis of a provi- 
sional estimate that the dose necessary to 
achieve a given cure rate based on an eight- 
een month follow-up of the animals is not 
much, if at all, greater when the tissues 
are deliberately made anoxic than when 
irradiated while the animal is breathing air. 
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This is certainly true when the doses are 
such as to cause permanent regression of 80 
per cent or more of the tumors. For ex- 
ample, 9,000 rads resulted in permanent 
regression of 9 out of 12 tumors when the 
animals were breathing air at the time of 
irradiation, and 18 out of 21 when the 
animals were under nitrogen asphyxia. The 
dose of 9,000 r of 8 mev. electrons required 
to cure 18 out of 21 anoxic tumors of the 
size used by Wright and Bewley is within a 
few per cent of the dose computed on the 
basis of the observations of Hewitt and 
Wilson?’ (Fig. 2, curve B) for CBA mouse 
leukemia cells exposed to a single dose of 
Co gamma rays. 
SUMMARY AND DISCUSSION 

In summary it may be said that, whereas 
the cells of a CBA mouse leukemia which 
have recently invaded the liver behave as if 
they are radiobiologically fully aerobic, 
those of human carcinoma of the bronchus, 
and breast, those of spontaneous breast 
tumors in C3H mice, of solid tumors in 


C3H mice, grown from isotransplants of 


breast tumors, and those of two solid fibro- 
sarcomas, the one grown from isotrans- 
plants on CBA mice and the other from 
isotransplants in an inbred strain of rat, 
as well as the Ehrlich tumors growing in 
hybrid mice employed in the earlier experi- 
ments of Scott!? show a radiobiologic re- 
sponse to increased or decreased venous 
oxygen tension, which indicates that they 
comprise cell populations existing at widely 
varying oxygen tensions and containing a 
significant proportion of cells which are 
nearly anoxic. 

The thesis that the curability of some 
tumors is limited by the radioresistance of a 
proportion of hypoxic cells, which never- 
theless retain reproductive integrity, ap- 
pears to be well sustained by all the evi- 
dence at hand. The actual advantage 
gained by the administration of oxygen to 
an animal during irradiation has not so far 
exceeded a factor of 2 in dose. This factor 
was observed in experiments in which the 
doses employed were only large enough to 


produce temporary regression. In principle, 
a larger gain would be expected when a high 
proportion of permanent regressions is 
achieved by the use of larger doses, since on 
theoretic grounds, supported by the work of 
Wright and Bewley already referred to, we 
would expect the required dose level to be 
set in such cases not by the average oxygen 
tension throughout the tumor but by the 
regions of minimum oxygen tension com- 
patible with subsequent proliferation. Fig- 
ures I and 2 suggest that a factor approach- 
ing 2.5 should be attainable. On the other 
hand, the maximum possible gain may be 
less than that observed when changes in 
oxygen tension of short duration are made 
during the irradiation of cells growing in 
optimal metabolic conditions if the be- 
havior of microorganisms and higher plant 
cells is taken as a guide. In microorganisms 
the ratio of the sensitivities of the same cell 
irradiated in oxygen and nitrogen may take 
all values between 1.5 and 3.8, according to 
the type and level of metabolism before and 
after irradiation.! This aspect of the de- 
pendence of sensitivity on oxygen tension is 
discussed more fully elsewhere.'® It is not 
vet known to what extent metabolism may 
change the extreme sensitivity ratio of 
mammalian cells. 

Another factor of importance in practical 
radiation therapy which has been deliber- 
ately omitted from this discussion is the 
fractionation of the total dose. Except in 
one case, the comparisons between theory 
and experiment have been based on animal 
tumors exposed to a single irradiation. In 
such cases the theoretic estimates depend 
more on the assumed D3; than onthe extrap- 
olation number (Table 1). From the rather 
remarkable agreement which has_ been 
recorded, it would seem that the slopes of 
the experimental log survival curves for 
populations of single cells irradiated at a 
given oxygen tension (Fig. 1 and 2) are a 
good approximation for those which are ap- 
propriate to cells of solid tumors despite the 
fact that in the solid tumors the most 
anoxic cells are probably metabolically 
abnormal. When the total dose is delivered 
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in, say, 18 fractions, each fractional dose is 
usually only about 200-400 r, and corre- 
sponds to a point on, or not much below, 
the “shoulder” of the curves. It has been 
shown by Elkind and Sutton'® that under 
their culture conditions there is no interac- 
tion between the effects of two irradiations 
when these are separated by intervals 
greater than about twenty hours. In this 
case the theoretic estimates of the per- 
centage of cells which survive a large total 
dose depend at least as much on the extrap- 
olation number as on the assumed Ds3;. 
The fraction of cells which survive the total 
irradiation is equal to the simple product of 
the fractions which survive each separate 
exposure. Thus, if equal doses are delivered 
at intervals greater than twenty hours, the 
relation between log surviving fraction and 
dose will be a straight line through the 
origin but the slope of the line will be less 
than the D3; listed in Table 1 to an extent 
which depends on the magnitude of the 
dose delivered in each fraction. As regards 
the influence of fractionation, the observa- 
tions of Elkind and Sutton agree well with 
those of Du Sault ef a/. and with clinicial 
observations." 

It is for future laboratory research to 
examine in detail the effects of metabolism 
and of fractionation on the extent to which 
oxygen controls the response of mammalian 
cells to irradiation. 

The agreement so far obtained between 
calculation and observation is quite sur- 
prising, considering the simplicity of the 
calculation. One might have expected that 
when a course of radiation therapy extends 
over a period of many weeks the histologic 
structure of the tumor would have changed, 


leading to a different metabolic status of 


the irradiated tumor cells towards the end 
of the course. This, in turn, might lead to 
differences in the aerobic and anaerobic 
sensitivities of the cells, both relatively and 
absolutely. The fact that the simple model 
is satisfactory should encourage and not 
restrain further investigation. In only one 
of the examples which have been cited (the 
solid fibrosarcoma of Hewitt and Wilson) 
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has the proportion of the cells which sur- 
vive the irradiation been directly measured. 

It would be particularly important to 
determine whether the steepness of the 
curve which relates the percentage of per- 
manent regressions and the dose, when 
solid tumors are irradiated under total 
anoxia, 1s in approximi ite agreement with 
calculation. A positive answer to this ques- 
tion would make it virtually certain that 
the slow rise of cure rate with dose which is 
usually observed is attributable to the 
different degrees of tissue anoxia which 
exist in different tumors. 
British Empire Cancer Campaign Research Unit 

in Radiobiology 


Mount Vernon Hospital 
Northwood, Middlesex, England 


REFERENCES 

1. Auper, T. Variability in oxygen effect observed 
with micro-organisms. Part. Il. Escherichia 
coli B. Int. f. Rad. Biol. To be published. 

2. Carer, D. B., PuHivuips, A. F., and Sitver, I. A. 
Apparatus and techniques for measurement of 
oxidation-reduction potentials, pH and oxygen 
tension in vivo. Proc. Roy. Soc., London, s.B, 
1957, 146, 289-297. 

3. Carer, D. B., A. F., and I. A. 
Measurement of oxidation-reduction poten- 


tials, pH and oxygen tension in tumours. 
Proc. Roy. Soc., London, s.B, 1957, 746, 382- 
399. 


4. Carer, D. B., PHtturps, A. F., and Sitver, I. A. 
Induced changes in oxidation-reduction po- 
tentials, pH and oxygen tension in intact 
lactating mammary gland. Proc. Roy. Soc., 
London, s.B, 1957, 746, 400-415. 

5. Carer, D. B., and Sitver, I. A. Measurement 
of oxygen tension in tumours. Brit. ‘7. Radiol., 
1958, 3 » 340. 

6. Christie Hospital and Holt Radium Institute 
Medical Research Council Unit. Symposium 
on relative biological efficiency of 4 MeV and 


300 kV radiations. Brit. ‘Ff. Radiol., 1957, 30, 
337-338. 


>. I., Sancer, C., and 
TuHomiinson, R. H. High-pressure oxygen 
and radiotherapy. Lancet, 1955, 7, 1091-1095. 

8. CHURCHILL-Davipson, I., Sancer, C., and 
TuHomuinson, R. H. Oxygenation in radio- 
therapy: II. Clinical application. Brit. 7. 
Radiol., 1957, 30, 406-422 

g. Couen, A., and Conen, L. Estimation of cellular 
lethal dose and critical cell number for C3H 
mouse mammary carcinoma from radiosensi- 


» 1961 


sur- 
t to 

the 
per- 
vhen 
‘otal 
with 
ues- 
that 
ch is 

the 
hich 


‘rved 
ichia 


Ours. 


382- 


1. A. 

po- 
itact 
Soc., 


nent 


diol., 


itute 
sium 
and 


and 
ygen 
095. 
and 
idio- 


lular 
C3H 


ensi- 


tivity studies im vivo. Nature, 1960, 185, 262- 
263. 

10. Cramer, W. Therapeutic action of radium on 
spontaneous mammary carcinomata of mouse. 
11th Sci. Rep. Imperial Cancer Research Fund, 
1934, 127-146. 

11. DescHNner, E. E., and Gray, L. H. Influence of 
oxygen tension on x-ray-induced chromo- 
somal damage in Ehrlich ascites tumor cells 
irradiated in vitro and in vivo. Radiation Re- 
search, 1959, 77, 115-146. 

12. Dewey, D. L. Effect of oxygen and nitric oxide 
on radiosensitivity of human cells in tissue cul- 
ture. Nature, 1960, 186, 780-782. 

12a. Dirrricn, W., and H. Wach- 
stumshemmung des Ehrlich-Karzinoms der 
Maus in vivo durch Rontgenbestrahlung unter 
verschiedenen Sauerstoff—partialdrucken. 
Naturwissenschaften, 1954, 47, 122-123. 

13. Du Sautrt, L. A., Eyter, W. R., and DosBeEn, 
G. D. Combination of oxygen and optimum 
fractionation in radiation therapy of adeno- 
carcinoma. Am. J. RoENTGENOL., Rap. THER- 
apy & Nucvear Mep., 1959, 82, 688-692. 

14. Evkinp, M. M. Cellular aspects of tumor ther- 
apy. Radiology, 1960, 74, §29-541. 

is. Evkinp, M. M., and Surron, H. X-ray damage 


and recovery in mammalian cells in culture. 


Nature, 1959, 184, 1293-1295. 

16. Erxkinp, M. M., and Surron, H. Radiation re- 
sponses of mammalian cells grown in culture. 
I. Repair of x-ray damage in surviving, 
Chinese hamster cells. Radiation Research, 
1960, 73, 556-563. 

17. Gray, L. H., Concer, A. D., Epert, M., Horn- 
sey, S., and Scorr, O. C. A. Concentration of 


| oxygen dissolved in tissues at time of irradia- 


tion as factor in radiotherapy. Brit. ¥. Radiol., 
1953, 26, 638 648. 

18. Gray, L. H. Influence of oxygen on response of 
cells and tissues to ionising radiation. Scien- 
tific Basis of Medicine, 1959, 7, 314-347. 

19. Gray, L. H. Modification by chemical agents of 
biological response to irradiation. Cancer. To 
be published. 

20. Hewirt, H. B., and Witson, C. W. Effect of 
tissue oxygen tension on radiosensitivity of 
leukaemia cells irradiated in situ in livers of 
leukaemic mice. Brit. ‘¥. Cancer, 1959, 13, 
675-684. 

21. Hewirr, H. B., and Witson, C. W. Personal 

communication. 

Houtcrort, J. W., Lorenz, E., and MatrHews, 


to 
to 


Oxygen As a Modifying Factor 


wv 


815 


M. Factors modifying effect of x-irradiation on 
regression of transplanted lymphosarcoma. ‘. 
Nat. Cancer Inst., 1952, 12, 751-763. 

Koun, H. I. Relative biological effectiveness of 
external beams of ionizing radiations. In: 
Progress in Radiation Therapy, Grune & 
Stratton, New York, 1958, pp. 62-99. 

Morkovin, D., and FeEtpMan, A. Dosimetry in 
living cells irradiated on glass: A correction. 
Brit. F. Radiol., 1959, 32, 282. 

MorrraM, J. C. On alteration in sensitivity of 
cells towards radiation produced by cold and 
by anaerobiosis. Brit. ¥. Radiol., 1935, 8, 
32-39. 

MorrraM, J. C. Variations in sensitivity of cell 
to radiation in relation to mitosis. Brit. 7. 
Radiol., 1935, &, 643-651. 

Morrram, J. C. Factor of importance in radio- 
sensitivity of tumours. Brit. ‘%. Radiol., 1936, 
9, 606-614. 

Puck, T. T. Quantitative studies on mammalian 
cells im vitro. Rev. Modern Physics, 1959, 31, 
433-448. 

Puck, T. T., and Marcus, P. I. Rapid method 
for viable cell titration and clone production 
with HeLa cells in tissue culture. Proc. Nat. 
Acad. Sc., 1955, £1, 432. 

Puck, T. T., Marcus, P. I., and Creciura, S. J. 
Clonal growth of mammalian cells in vitro. Ff. 
Exper. Med., 1956, 10}, 273-284 

Puck, T. T., Morxovin, D., Marcus, P. I., and 
Crectura, S. J. Action of x-rays on mam- 
malian cells. I]. Survival curves of cells from 
normal human tissues. ¥. Exper. Med., 1957, 
106, 485-500. 

Scort, O. C. A. Some aspects of effect of ionising 
radiation on tumors in experimental animals. 
Advances Biol. Med. Physics, 1958, 6, 121-173. 

Scorr, O. C. A. Some observations on use of 
transplanted tumors radiobiological re- 
search. To be published. 

THomuiinson, R. H. Experimental method for 
comparing treatments of intact malignant 
tumours in animals and its application to use 
of oxygen in radiotherapy. Brit. 7. Cancer, 
1960, 74, 555-576. 

THoMLInsON, R. H., and Gray, L. H. Histolog- 
ical structure of some human lung cancers and 
possible implications for radiotherapy. Brit. 
F. Cancer, 1955, 9, 539-549. 

Wricut, E. A. Personal communication. 

Wricut, A., and Bew ey, D. K. Personal 
communication. To be published. 


24. 
25. 
26. 
it 
28. 
29. 
LA. | 30. 
nt of 
ygen 
s.B, 31. 
yten- | 
| 32. 
34. 
| 
» 39, 
36. 
Graze) 


May, 1961 


COMBINED HIGH-PRESSURE OXYGEN AND RADIA- 
TION THERAPY IN THE TREATMENT OF 
HUMAN CANCER* 


By WILLIAM B. SEAMAN, NORAH pbvuV. TAPLEY, CYRIL SANGER, 
HAROLD W. JACOX, and HAROLD L. ATKINS 


NEW YORK, NEW YORK 


HE stimulus provided by the brilliant 

investigations of Gray and 
ates®:’.° demonstrating that breathing oxy- 
gen under increased tension increased the 
radiosensitivity of transplanted tumors in 
mice without significantly increasing the 
sensitivity of normal tissues has resulted in 
efforts to utilize this principle in the treat- 
ment of human cancer. 

The first of these attempts to appear in 
the medical literature was the preliminary 
report of Hultborn and Forssberg" in 1954, 
who irradiated cancer of the skin in 4 pa- 
tients during inhalation of 100 per cent 
oxygen. They divided the tumors in half so 
that one portion could be treated during 
oxygen inhalation while the other half, 
receiving the same dosage of radiation with- 
out the addition of oxygen, could act as a 
control. They made no attempt to quanti- 
tate results but stated that in all instances 
the radiation effect, as determined by the 
severity of the radiation reaction in the 
tumor and rate of healing, was significantly 
greater in the portion treated during oxy- 
gen inhalation. They also noted that there 
was no appreciable increase in the radiation 
reaction of the adjacent normal skin. 

In 1957, von Saal and Dalicho! pub- 
lished their experience in combining oxygen 
with irradiation in the treatment of skin 
cancer. Because of the poor vascularity of 
many neoplasms, they felt that the local 
administration of oxygen was preferable to 
inhalation. Therefore, they injected 20 to 
60 cc. of oxygen subcutaneously, or, in the 
cases of ulcerated tumors, directed a stream 
of oxygen on the ulcerated surface during 


assocl- 


the period of irradiation. They stated that 
in their experience with 32 patients with 
epidermoid or basal cell carcinoma of the 
skin, only 50 per cent of the radiation dose 
was required, as compared to a control 
series of I12 patients with similar skin 
tumors irradiated without oxygen. In view 
of considerable variations in total doses and 
the over-all treatment times, it 1s difficult 
to interpret their data, although it does 
suggest that an increase in the radiosensi- 
tivity of the tumor may have occurred. 

The largest clinical trial was: initiated 
in 1964 by Churchill-Davidson, Sanger 
and Thomlinson at St. Thomas’ Hospital, 
London, Their original 
technique consisted of applying radiation 
therapy to patients breathing 100 per cent 
oxygen at 3 atmospheres of pressureina pres- 
sure chamber. Using orthovoltage equip- 
ment, a tumor dose of 2,000 r was given in 
two treatments in an over-all period of 
eight days. Later, cobalt teletherapy was 
used and the dosage changed to approxi- 
mately 3,000 r delivered in 3 treatments in 
fifteen days, and currently a tumor dose of 
4,500 r delivered in 6 treatments in nineteen 
days is being used.‘ Patients selected for 
this procedure were those who were con- 
sidered to have little, if any, chance of cure 
by conventional radiation therapy. A total 
of 74 patients with malignancies of the 
lung, head and neck, bladder, esopha- 
gus, brain, uterus and bone had _ been 
treated as of July, 1959.4 Sixteen patients 
were alive without evidence of disease, 10 
surviving from twenty-four to forty-six 
months. In a small control series of 15 


* From the Department of Radiology and Department of Anesthesia, College of Physicians and Surgeons, Columbia University, and 
Presbyterian Hospital, New York, New York. Presented at the Forty-second Annual Meeting of the American Radium Society, San 
Juan, Puerto Rico, March 17—19, 1960. Part of the Symposium on “Interrelationships of Recent Advances in Radiobiology and Radi- 
ation Therapy.” Supported by U. S. Public Health Service Grant C-4502. 
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patients who were treated with the same 
total dose and over-all time without the 
addition of oxygen, there were only 3 short 
term survivors, all with evidence of residual 
disease (Table 1). 

Emery, Lucas and Williams,’ at Uni- 
versity College Hospital in London, have 
recently described their method of irradiat- 
ing patients in a double lucite cylindrical 
chamber containing 100 per cent oxygen at 
2 atmospheres of pressure. They claim that 
the use of a lower pressure, transparent 
chamber, and a_ slow, constant rate of 
pressure change has eliminated the need for 
anesthesia and permits conventional dosage 
fractionation. They have been treating 
patients with carcinoma of the lung since 
January, 1959, but have not presented any 
statistical data as yet. 

In view of the sound experimental data 
and the promising, although preliminary, 
clinical results with combined oxygen and 
radiation therapy, it was thought that 
additional investigation and experience 
with this technique were desirable. Such a 
program has been initiated at Columbia- 
Presbyterian Medical Center, New York 
City, and the problems involved in the de- 
sign of this program will be discussed. 

SELECTION OF OPTIMUM PRESSURE 

Gray et al.,° using the Ehrlich mouse 
tumor growing in the solid form, found a 50 
per cent increase in sensitivity using oxygen 
at 1 atmosphere provided the tumors were 
small. Increasing the tension of oxygen 
from I to 3 atmosphere pressure seemed 
to improve the response of medium sized 
tumors. According to Scott,!® this may be 
due to a slower circulation in the larger 
tumors as suggested by his studies on the 
absorption of nembutal. For this reason it 
seems likely that increased radiosensitivity 
will be obtained in some tumors only with 
oxygen pressures higher than 1 atmosphere. 
Churchill-Davidson et originally se- 
lected 3 atmospheres of pressure because 
physiologic studies on man had been done 
at this level and at the time it seemed to be 
as high a pressure as could be used within 
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TABLE I 


HIGH PRESSURE OXYGEN RADIATION THERAPY 
(CHURCHILL-DAVIDSON‘— JULY, 1959) 


J 


Total Patients Treated 


4 
Total Patients Surviving 21 
Total Patients Surviving with 
Local Recurrence 5 
Total Patients Surviving without 
Local Recurrence 16 
Dead without Local Recurrence 12 


sate limits. Their more recent experience 
with 31 patients subjected to 4 atmospheres 
of pressure without complication led to our 
decision also to employ this pressure level. 


DESIGN OF PRESSURE CHAMBER 


The chamber had to be designed to with- 
stand working pressures of up to $5 pounds 
per square inch gauge pressure. A chamber 
made of a transparent material such as 
lucite would facilitate observation of the 
patient and proper alignment of the 
roentgen-ray beam, but we were advised 
that this material would not tolerate such 
pressure unless of inconvenient thickness. 
The double plastic chamber used by Emery 
et al.’ will only withstand 15 pounds gauge 
pressure, and a stronger one is not yet avail- 
able. Thus, metal was chosen, and the tank 
was constructed of 3/8 inch steel.* 

The use of windows for beam direc- 
tion, as in the St. Thomas’ Hospital tank, 
was abandoned because of the restrictions 
this imposes on the site and size of the 
treatment portals. Since 22 mev. roentgen 
rays generated by a betatron were to be 
used, and these are attenuated only Io per 
cent by 3/8 inch steel, it was decided to 
treat through the steel and devise a means 
of localization without windows. 

The desirability of avoiding an excessive 
target skin distance with its resultant low- 
ered output suggested a rectangular tank 
as ideal, but a cylinder was eventually used 
because of ease and economy of construc- 
tion and greater strength. Vertical motion 
of the stretcher inside the tank is used to 


* Constructed by Emerson Co., Boston, Mass. 
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ic. 1. Side view of the pressure tank constructed of 
3 inch steel. The tank rests on an adjustable treat- 
ment table that permits motion in two directions. 
The betatron treatment portal is above the tank, 
although it is not in treatment position. 


bring the skin closer to the tank wall. Since 
secondary electrons emitted by steel during 
irradiation with roentgen rays of the en- 
ergy level being used have a range of ap- 
proximately 12 cm., it is necessary to main- 
tain this minimum distance between the 
tank wall and the skin in order to avoid a 
high skin dose. 

The appearance of the completed tank is 
that of a steel cylinder 8 feet long and 29 
inches in diameter (Fig. 1). There are circu- 
lar glass observation ports on both ends 
and one end is hinged to permit access to 


Fic. 2. Interior view of the chamber showing the ob- 
servation windows, hinged end, treatment stretcher 
on rails, and the hand crank for elevating the 
treatment stretcher. The cable contains electrical 
leads for monitoring the patient. 


William B. Seaman et ai. 


May, 1961 


Fic. 3. The localization device attached to the treat- 
ment stretcher indicates the treatment site on the 
tank exterior when the stretcher is rolled into posi- 
tion inside of the tank. 


the interior. Inside is a wheeled stretcher on 
tracks with a device that permits the 
stretcher to move vertically (Fig. 2). The 
tracks may be aligned with similar tracks 
on a wheeled cart which allows the patient 
to be easily transported. In addition, there 
are oxygen inlet manifolds, two exhaust 
valves, an opening for electrical leads, anda 
pressure gauge. 

Localization of the treatment areas is 
effected by means of a long pointer fixed on 
the stretcher (Fig. 3). This is positioned 
visually and, when the stretcher is rolled 
into the tank, indicates a point on the out- 
side of the tank with which the treatment 
cone can be aligned. The positioning can 
then be checked roentgenographically with 
the therapy beam while the patient is in the 
tank by exposing a film on the outside of 
the tank. 

PREPARATION OF THE PATIENT 

The physiologic effects of high oxygen 
tension and the technique of anesthesia 
have already been described. Briefly, the 
only effects of importance are possible 
damage to the ears following the barometric 
pressure changes, and oxygen convulsions. 
Myringotomy and general anesthesia over- 
come these dangers and no complications 
from anesthesia or compression were noted 
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in 74 patients treated by this technique at 
St. Thomas’ Hospital.‘ 

The patients are anesthetized with so- 
dium pentobarbital intravenously following 
premedication with demerol, thorazine, and 
atropine, and further doses of these drugs 
are given just prior to compression. An 
endotracheal tube is passed and the patient 
is allowed to breathe spontaneously from 
the chamber atmosphere. 

Monitoring of the patient within the 
chamber during treatment is carried out by 
displaying and recording the electrocardio- 
gram, temperature of the skin and tank 
atmosphere, and systolic blood pressure 
and closed circuit television. The patient’s 
respiratory sounds are picked up by a 
microphone attached to the endotracheal 
tube adaptor and are heard through a loud- 
speaker in the control room. 

The original technique included electro- 
myographic monitoring of the upper lip to 
detect the onset of convulsions, but this is 
now considered superfluous. Owing to the 
relatively short treatment time, it is not 
necessary to take steps to absorb exhaled 
CO;, as concentrations do not reach 1 
per cent. 

Compression is carried out over a period 
of ten minutes after flushing the tank with 
oxygen to a minimal concentration of 95 
per cent as measured by a Beckman oxygen 
analyzer. Decompression occupies roughly 
the same period. 


EXPERIMENTAL PLAN 

The goals hoped to be achieved by this 
clinical experiment are the following: 

1. To determine the practicality of this 
technique for routine clinical radiation 
therapy. 

2. To attempt to determine whether the 
administration of oxygen does increase the 
radiosensitivity of human cancer. 


3. To determine whether the use of 


oxygen may significantly improve the sur- 
vival rate obtained by treating malignant 
disease with radiation therapy. 

The pitfalls and difficulties involved in 
testing the efficacy of a therapeutic method 
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in human cancer have been pointed out by 
many. The major problems are obtaining 
sufficient patients for statistical validity, 
employing a method for selection of pa- 
tients that will avoid bias, and setting up 
proper controls. The latter is a particularly 
difficult problem in this instance because a 
number of variables have been introduced 
that could influence the tumor response; 
namely, inhalation of high pressure oxygen 
during treatment, use of anesthesia, and a 
radical change in the radiation dose, frac- 
tionation, and over-all treatment time. 

The use of anesthesia is probably the 
least important of the three, although it 
could alter radiosensitivity by influencing 
regional blood flow. This possibility should 
be investigated. Franks ef a/.* have shown 
that although chloral or avertin alone im- 
proved the cure rate of S-37 mouse sar- 
coma, sodium pentobarbital had no demon- 
strable effect. 

It is well known that alteration in the 
dose, fractionation and over-all time treat- 
ment will influence the radiation response, 
although precise quantitative data are not 
available for human cancer. Recently, 
several reports have appeared purporting 
to show that palliative results can be ob- 
tained with intensive irradiation during a 
short over-all treatment period. Cochran, 
Holtz and Powers® developed a technique 
for the treatment of advanced breast cancer 
with the betatron consisting of deliver- 
ing a tumor dose of 2,500 r in two days. 
This was well tolerated and good palliation 
was obtained in a small group of patients. 
Rubenfeld and Kaplan" reported good 
palliative results in lung cancer using a time 
dose schedule of 3,000 r in two weeks. On 
the other hand, Churchill-Davidson,! treat- 
ing a group of 13 patients with advanced 
head and neck cancer with 2,500 to 3,200 r 
in fifteen days with telecobalt, found that, 
despite a good initial response in 6 patients, 
recurrent or persistent cancer developed 
in all. 

In order to obtain some personal experi- 
ence with intensive, short irradiation, 2 


, 
patients were treated with a tumor dose of 
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2,500 r given in two treatments in an over- 
all time of eight days. This was well tol- 
erated; there were no untoward reactions 
and the immediate tumor response was 
satisfactory. 

Although oxygen does not seem to alter 
significantly the radiosensitivity of well 
oxygenated normal tissues, it does have 
some effect on bone and cartilage where 
there is a less abundant blood supply. 
Howard-Flanders and Wright!® have dem- 
onstrated in the growing bone in the tails of 
mice that the radiosensitivity increased by 
a factor of 1.3 when the mice respired 100 
per cent oxygen at I atmosphere instead 
of air. Churchill-Davidson‘ noted the occur- 
rence of radionecrosis of bone and cartilage 
in 7 of 44 patients treated with orthovolt- 
age equipment. This occurred in only one of 
31 patients treated by telecobalt. Thus it 
seems preferable to utilize supervoltage 
roentgen rays in combined oxygen and ra- 
diation therapy. 

The need for general anesthesia and the 
time and effort required for patient prepa- 
ration and treatment make the use of con- 
ventional radiation therapy time dose plans 
impractical. It was also felt that a reduction 
in the fractionation would necessitate a 
control group treated similarly except for 
the omission of high pressure oxygen. Ac- 
cording to the time-dose relationships 
published by Andrews and Moody,! the 
utilization of 2,000 r in eight days assumes 
that radiosensitivity will be increased by a 
factor of 2. Although the magnitude of the 
oxygen effect for Ehrlich ascites tumor cells 
has been shown to be greater than this,° we 
do not know whether this will hold true for 
advanced human cancer. Moreover, the 
need for a control group seemed to preclude 
a dose that would result in inadequate 
treatment. Therefore, a therapy schedule of 
4,000 r delivered in 4 treatments in twenty- 
one days has been adopted.* 

Patients accepted for treatment will be 
those without known distant metastases 

* As a result of preliminary trials with varying time-dose sched 
ules, we have currently adopted a treatment plan consisting of a 


tumor dose of 2,200 r delivered in two treatments in an over-all 
time of eight days. 


but who, owing to local extent of disease, 
have a poor prognosis with conventional 
radiation therapy. Tumors most apt to fall 
into this category are pelvic carcinomas 
arising from the uterus, bladder or rectum, 
intrathoracic malignancies of lung and 
esophagus, carcinomas of the head and 
neck, and brain tumors. Assignment to a 
treatment or control group will be made by 
using random sampling numbers rather 
than alternation so that the allocation will 
not be known to the radiotherapist until 
after the patient is accepted for inclusion in 
the controlled study. An attempt will be 
made to ensure equivalence of the treated 
and control groups by subdividing accord- 
ing to site and extent of disease. 

It is important to emphasize that an 
increase in the radiosensitivity of a tumor 
will occur only if there are tumor cells that 
are growing at decreased oxygen’ tension; 
otherwise, no improvement can be theoreti- 
cally expected. Partially anoxic cells may 
account for only a small fraction of the 
mass of a tumor so that gross disappearance 
of the tumor or rate of regression may not 
correlate with the effect of oxygen. Thus it 
seems that the best criterion for evaluating 
the effects of treatment is survival, even 
though local extermination of the cancer 
may be obscured by death as a result of 
distant metastases. 


SUMMARY 


The combined high-pressure oxygen radi- 
ation therapy project recently initiated at 
the Columbia-Presbyterian Medical Center | 
has been described and some of the prob- 
lems involved in the design of this clinical 
investigative program have been discussed. 
William B. Seaman, M.D. 

Department of Radiology 
Columbia University and Presbyterian Hospital 


New York, New York 
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POTENTIATORS IN 


RADIATION THERAPY* 


By MALCOLM A. BAGSHAW, M.D. 


STANFORD, CALIFORNIA 


HE role of oxygen in the biologic ac- 

tion of ionizing radiation has been 
clearly described by Dr. L. H. Gray. This 
demonstration of one means of enhancing 
the lethal effects of roentgen rays has re- 
vitalized the search for other methods. 
While oxygen apparently promotes a more 
efficient transfer of energy from the ioniz- 
ing radiation to the biologic material, other 
agents may independently increase the 
biologic effect either by increasing the 
sensitivity of the final target, or by inhibit- 
ing the repair of the induced change. These 
processes are by no means mutually exclu- 
sive, but in fact may be complementary. 
Since the pertinent literature has been 
recently reviewed by Bane ef a/.* and by 
Mitchell,” I wish to limit my remarks to 
the studies which have influenced the 
direction of our own research. During the 
past two decades, physicists have devel- 
oped a number of devices which permit the 
delivery of tolerable doses of radiation to 
any target within the patient with relative 
ease and accuracy. In addition, refined 
methods of dosimetry permit careful treat- 
ment planning for each patient as a routine 
procedure. It seems logical to suggest that 
the next step in increasing the curability of 
tumors may depend upon the modification 
of the neoplastic cells so that they are easier 
to kill. 

In spite of the considerable activity of 
biochemists and chemotherapists during 
the past decade, few of their accomplish- 
ments have filtered through to the radio- 
therapists. The radiotherapist, developing 


his art largely by empirical methods, has 
contributed greatly to the cure or palliation 
of patients with neoplastic disease. He 
understandably has been reluctant to 
modify his procedure when he has learned 
through painful experience how much to 
expect in terms of cure from his own meth- 
ods. He has shied away from complicating 
his own more or less predictable results 
with unknown factors. 

Although the chemotherapists have not 
uncovered a cure for cancer, the extensive 
biochemical spade-work conducted in the 
search for chemotherapeutic agents has 
provided new understanding of the essen- 
tial role of DNA synthesis in cellular repro- 
duction. The intermediate metabolism of 
the synthesis of DNA and its precursors has 
been clarified. This new insight into the 
metabolic pathways of DNA provided a 
blueprint for understanding the mechanism 
of action of the first antimetabolites, 
aminopterin and amethopterin. Taking 
advantage of the suggestion that uracil was 
utilized for nucleic acid synthesis in tumors, 
Heidelberger et a/.'" created a new class of 
cytotoxic agents, the fluorinated pyrimi- 
dines. This work seems of particular impor- 
tance because the cytotoxic properties of 
these compounds were predicted on the 
basis of knowledge gained in the study of 
DNA metabolism. Since antimetabolites of 
this type exert their cytotoxic properties by 
blocking synthesis of DNA, they are more 
effective in tissues, either normal or neo- 
plastic, in which the rate of DNA turnover 
is high. In addition, it has been demon- 


resented at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. Part 


of the Symposium on “Interrelationships of Recent Advances in Radiobiology and Radiation Therapy.” 
The original work described in this paper was supported by Grant CY-4542, Public Health Service, National Institutes of Health. 
The following abbreviations are used: DNA, deoxynucleic acid; FU, $-fluorouracil; FUDR, 5-fluorodeoxyuridine; BU, 5-bromouracil; 
BUDR, 5-bromodeoxyuridine; IUDR, 5-iododeoxyuridine; TEM, triethylenemelamine; DON, 6 diazo-s5-oxo-L-norleucine; 6-MP, 


6-mercaptopurine. 


The DON and Azaserine were provided through Parke Davis & Company, Detroit, Michigan. 


The s-Fluorouracil was supplied through the courtesy of Hoffman-La Roche, Inc., Nutley, New Jersey. 
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strated that some tumor cells lack a means 
of catabolizing some of the uracil analogues, 
thereby preventing the cells from eliminat- 
ing the poison.*® Both of these mechanisms 
provide a basis for the differential enhance- 
ment of radiation effects within tumor cells 
as opposed to normal cells. 

It seems that the radiobiologists and the 
biochemists working in the field of chemo- 
therapy have been moving toward a com- 
mon ground. For example, the radiobiolo- 
gists have developed methods for compar- 
ing nucleic acid metabolism in irradiated 
and nonirradiated cells. Relatively simple 
quantitative techniques for the determina- 
tion of the survival of bacteria following 
irradiation have been developed.'® Puck 
and Marcus* have demonstrated that 
single mammalian cells may be plated in 
Petri dishes and their survival assayed 
after a few days of incubation by simply 
counting the number of macroscopic colo- 
nies. In addition, inbred strains of mice are 
available in which the incidence of spon- 
taneous tumors is high enough to supply a 
constant source of experimental material. 
The techniques of irradiating tumors in 
these animals have been refined by Kall- 
man and von Essen!’ in our laboratory. 
Thus, a host of biologic parameters are 
available which may be useful in determin- 
ing the role of chemical agents as potentia- 
tors. 

Previous experiments in the evaluation 
of cytotoxic agents as potentiators have 
largely depended upon evaluation of the 
response of transplanted mouse tumors to 
the chemical agent, to irradiation, or to a 
combination of the two. The end point in 
such experiments usually has been defined 
by charting the change in growth rate of the 
tumor transplants. Few investigators have 
selected persistent cure of the animal as an 
index of the response. Although the avail- 
ability of transplanted tumors and their 
ease of handling are obviously advanta- 
geous, studies of this sort are handicapped 
by the possibility of latent immunologic 
differences between the transplanted tum- 
ors and their hosts. This objection may be 
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overcome by the utilization of spontaneous 
tumors as advocated by Kallman. Such 
experiments require a large investment in 
time, and in numbers of experimental 
animals. 

Nevertheless, using selected doses of ir- 
radiation and transplanted tumors in mice, 
Carpender and Lanier’ seemingly demon- 
strated that guanazolo potentiated the 
effect of roentgen radiation. Whitehead and 
Lanier? showed a supplementary effect 
with a halogenated urathan and Tar- 
nowski’s group” confirmed the potentiating 
effect of TEM. Martin, Kligerman and 
Fugmann”? went one step further and 
demonstrated potentiation with a combi- 
nation of antimetabolites which when used 
singly did not significantly supplement the 
effect of irradiation. 


EXPERIMENTS 


It seemed to us that tissue culture tech- 
niques provided an ideal method for sur- 
veying the properties of a number of 
compounds with regard to their potentiat- 
ing effect.? The survival of individual cells 
after treatment may be assessed by the 
single cell technique of Puck and Marcus.” 
In our experiments a subline of HeLa cells 
originally isolated by Gey ef al. from a 
human squamous cell carcinoma of the 
cervix was used. The cells were farmed in 
serum bottles in which they grew as a 
monolayer attached to the glass. They were 
freed from the glass by gentle trypsiniza- 
tion and re-dispersed as a monocellular 
suspension in Puck growth medium, which 
contains a mixture of amino acids, salts, 
vitamins, penicillin, streptomycin, 20 per 
cent human serum and Io per cent horse 
serum. By appropriate dilution of a prede- 
termined number of suspended single cells 
replicate Petri dishes were prepared. The 
cells were subjected to treatment by chemi- 
cals, irradiation, or both, and incubated for 
from nine to fifteen days. The survivors 
were scored by counting the macroscopic 
clones. It was possible to assess the ability 
of each cell to maintain continuous prolif- 
eration. A series of Petri dishes, each of 


| 
4 


824 Malcolm A. Bagshaw 


May, 1961 


300 r 450 r 600 r 


Fic. 1. Appearance of clones following varying doses of roentgen radiation, Twenty-four hours prior to 
irradiation, 200 cells were plated in each dish. After incubation for eleven days, the clones were fixed with 
10 per cent formalin and stained with Giemsa. (See Fig. 2 for treatment factors.) 


which contains macroscopic clones fixed 
and stained nine days after 200 cells per 
dish were plated, is illustrated (Fig. 1). 
Twenty-four hours following plating, the 
dishes were irradiated with varying doses of 
roentgen rays. A survival curve constructed 
from a similar experiment is presented (Fig. 
2). The experiment in this case differed 
slightly from the demonstration of the 
actual clones in that the number of cells per 
dish was increased in those dishes receiving 
higher amounts of irradiation in order to 
obtain a more reliable clone count at the 
higher doses. For instance, in this experi- 
ment the dishes receiving 600 and 675 r 
were plated with 10° cells each. Except for 
the initial shoulder, the curve represents a 
straight line over the doses investigated. 
Except for a slight change in slope, the 
characteristics of this curve are in substan- 


tial agreement with those reported by Puck 
and Marcus.”"* 

In the initial experiments, the potentiat- 
ing effect of azaserine and DON was as- 


sessed by the per cent clone survival of 


Hela cells after treatment by a single dose 
of roentgen rays and a single concentration 
of the respective drug in the medium (Table 
1). A slight potentiation was suggested for 
each of these drugs by the preliminary ex- 
periments. In the consideration of 5-fluoro- 
uracil, however, the experiments were 


* The HeLa cells used for these experiments were designated 
S;Bl, and were subcloned from a stock culture, $3B, purchased 
from Microbiological Associates, Bethesda, Maryland. The roent- 
gen-ray doses reported were measured in air on the surface of a 
masonite block 14 cm. thick with a Victoreen r-meter. The probe 
was placed in the relative position of the dishes beneath a glass 
Petri dish cover. No rigorous evaluation of the intimate dosime- 
try of the cells fixed to the glass has been undertaken. In these 
experiments the controls and experimentals were treated alike 
and therefore the dosimetry factors are controlled with each 
experiment. 
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expanded to include the comparison of 
more elaborate radiation survival curves 
determined for cells subjected to varying 
concentrations of the drug. A complete 
experiment for the evaluation of 5-fluoro- 
uracil is described. 

Replicate Petri dishes were seeded with 
200 HeLa cells each and FU was added to 
the medium twenty-four hours after plating 
in concentrations varying from 10~* molar 
through 2.5 X10~° molar in order to deter- 
mine the survival of the cells under the 
influence of FU alone (Fig. 3 and 4). From 
these data, two concentrations of drug were 
selected for further investigation in combi- 
nation with irradiation. Thus at a concen- 
tration of 1.56X10-° M FU, go per cent of 
the cells were expected to survive the drug 
treatment alone, whereas at a concentra- 
tion of 6.25 X10~-* M FU, 60 per cent were 
expected to survive the drug treatment 
alone. Three series of Petri dishes were 
plated with concentrations of cells ranging 
from 250 cells per dish for the untreated 
controls to 5X10* cells per dish in those 
receiving the most irradiation. The dishes 
were incubated for twenty-four hours to 
permit attachment of the cells to the glass. 
After twenty-four hours no drug was added 
to the control series; sufficient drug to per- 
mit a concentration of 1.56X10-° M FU in 
the 6 ml. of medium was added to the 
second series; and sufficient FU to permit a 
concentration of 6.25 X10-® M was added 
to the third. Three hours later the dishes 
were irradiated with increments of 75 r 
from o r through 600 r. Each point was 
determined by the average of two dishes. 
The medium was not changed during a 
twelve day period of incubation and at 
twelve days the medium was discarded and 
the clones fixed and stained. The survival 
curves, the slopes and the slope ratios are 
illustrated in Figure 5. A series of Petri 
dishes which corresponds to the 375 r points 
is illustrated in Figure 6. The slopes were 
compared by ¢test and the difference in 
slope between the untreated controls and 
the cells subjected to a concentration of 
1.66X10-° M FU was highly significant 
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Fic. 2. Survival curve based on clone counts after 


irradiation. Conditions as illustrated in Figure 1 
except the initial cell population varied from 200 
cells per dish for the untreated control to 10° cells 
per dish in dishes receiving 675 r. Each point repre- 
sents the average of two replicate dishes. Treat- 
ment factors: Petri dishes irradiated through glass 
covers, 250 kvp., 15 ma., 50 cm. distance, HVL 
1.1 mm. Cu, 135 r/min. measured with full back- 
scatter. 


(P<.o1). It may be concluded that the 
cells irradiated in an environment contain- 
ing 1.56X10-° M FU were 1.4 times more 
sensitive to the irradiation between 225 and 
600 r, the straight line portion of the curve. 
While the slope ratio between the cells 
treated at 6.25xX10-° M FU and the con- 
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TABLE I 


SURVIVAL OF CLONES 


100 r Azaserine Alone | Azaserine plus | toor | DON Alone | 
Alone 3X10°7M Roentgen Rays} Alone | 2.5 X 1077 M Roentgen Rays 


Treatment 
Survival of clones ex- | 82 | gI 
pressed as per cent of un- 
treated control 


trols is higher, the standard error was 
greater, and a significant difference was not 
evident by the ¢-test. 


DISCUSSION OF EXPERIMENTS 


Bases,° working independently and using 
a nearly identical approach, has demon- 
strated a potentiation of the effect of irradi- 
ation on HeLa cells by actinomycin D. His 
experiments with 6-MP failed to suggest a 
supplementary effect.‘ 


3.25 x 1076 


6.25 x 1076 


DON plus 


63 64 100 


| | 
| 
|| | 


Some of the biosynthetic pathways of 
DNA metabolism which may be inter- 
rupted by blockade with antimetabolites 
are diagrammatically summarized in Figure 
7. Metabolic products of FU or FUDR 
prevent the utilization of uracil in the 
synthesis of thymine, a necessary constitu- 
ent of DNA. This is accomplished by the 
substitution of fluorine for a hydrogen 
atom in the § position of the pyrimidine 
ring. The methylation reaction is thereby 


1.125 x 107? 


Fic. 3. The appearance of clones after treatment by different concentrations of s5-fluorouracil. FU in the 
concentrations indicated was added to each dish twenty-four hours after the plating of 200 cells per dish. 
The dishes were incubated for twelve days, fixed and stained. 
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120 100 80 60 40 20 0 
% clones HeLa cells where contro/ is 100% 


Fic. 4. Survival curve based on dishes illustrated in 
Figure 3, after treatment by different concentra- 
tions of 5-fluorouracil. 


interrupted. According to Chaudhuri ef 
al... the blockade prevents the conversion 
of 2’-deoxyuridine-s’phosphate to thymi- 
dine-5’-phosphate. After treatment by FU, 
changes are noted in cells reminiscent of the 
“thymine-less death” described by Cohen 
and Barner’ for E. coli. In thymine de- 
ficiency the DNA metabolism is blocked, 
cells are unable to divide, yet RNA and 
protein metabolisms continue. The cells 
become giants morphologically similar to 
those seen after irradiation alone. 
Methylation reactions also may be 
blocked by depriving the cell of the avail- 


Rer cent survival 
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Fic. 5. Survival of clones after varying doses of 


roentgen radiation compared to the survival of 
clones after identical irradiation plus chronic ex- 
posure to FU. (See Fig. 2 for treatment factors.) 
Slope of untreated controls (1), 0.98; slope of cells 
treated with 1.56X10-® M FU (2), 1.34; slope of 
cells treated with 6.25x10° M FU (3), 
Slope ratio of (2)/(1)= 1.4. 


OX 


ability of 1 carbon units, the so-called 
formate pool. Since folic acid is essential as 
a formate donor, such reactions are pre- 
vented by the folic acid analogues, aminop- 
terin and 

Cells are also capable of synthesizing the 
purine bases from smaller building blocks, 
the de novo synthetic pathway. These reac- 
tions depend upon the transfer of I nitrogen 
amino groups and this may be blocked by 
azaserine and DON.” Similarly, DON 
appears to interfere with a reaction which 
leads from a uracil metabolite to a cytosine 
metabolite.” 

The purine analogues such as 6-mercap- 
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Fic. 6. Photograph of Petri dishes represented by the points at 375 r in Figure ¢ 
Upper left, survival of untreated controls (200 cells plated); upper right, survival 
after treatment with 6.25xX10-° M FU (200 cells plated); /ower /eft, survival 
after 375 r (1,000 cells plated); /ower right, survival after 375 r plus 6.25 X10-® 


M FU (1,000 cells plated). 


topurine may block the de novo synthesis of 
adenine and guanine, purines essential for 
the synthesis of DNA. 

Because the spacial configuration of the 
bromine atom closely resembles that of the 
methyl group, bromine may be substituted 
in the 5 position and actually incorporated 
into the DNA molecule as 5-bromouracil, 
replacing thymine." Thus it is possible to 
trick the cell into synthesizing fraudulent 
DNA. Working with bacteriophage, Benzer 
and Freese’ have demonstrated that muta- 
tions produced by the incorporation of 
bromouracil into the phage occur with 


increased frequency at specific loci, suggest- 
ing that concentrations of bromine are 
increased at specific points in the DNA 
molecule. It has been suggested that the 
structural integrity of the DNA molecule is 
thereby compromised and that this might 
lead to an increased friability during 
roentgen irradiation. In preliminary experi- 
ments utilizing a clone technique similar to 
that described above, Szybalski® has noted 
a considerable increase in the sensitivity of 
cells to ultraviolet irradiation as well as an 
increase in the sensitivity of cells to roent- 
gen irradiation after preliminary treatment 


rr ae 


» 
| CONTROL 6.25 x 10°° 
\ 
* e 
* 
©.» 
t 
S 
S 
| 


[Antibiotics 
| Actinomycin D ? 
| Chloramphenicol 


_ Unhibition protein synthesis) 


Interference| 


Position 
Blockade | 
FU, FUDR | 


Potentiators in Radiation Therapy 


Pyrimidine analogs 


Incorporation 
“Fraudulent DNA’ | 


| Incorporation 


Alkylating Agents 
| “Cross Linking Db DNA” 
| Nitrogen mustard 
| TEM 
Cytoxan 


Thioguanine 


lwith amination | 
NH2 _ - \ 
/ 0 H 
| 
Azaserine NH2 HN Sy HN Cis _ DNA H Purine 
DON | 1 CH Analogs 
| | | H 
WOK UCH R R 
N~ Uracil + R= Thymine + R= Purine 
Cytosine 2' deoxyuridine Thymidine -5 
-5'- Phosphate -Phosphate / 
Blockade 
RNA DNA Blac hade de novo synthesis | 
CH3 J i 
Aminopterin 6MP 
Amethopteri in| |? 8 Azaguanine | 
Folic acid analogs| 
lic. 7. Some mechanisms of action on DNA of various chemical agents are 


illustrated. See text for more detailed description. 


with BUDR. The alkylating agents appar- 
ently affect the nucleoprotein molecule 
directly by binding strands of the nucleo- 
protein to each other by the activity of the 
chloroethylamine side arms. This reaction 
is known as cross linking and has been 
demonstrated by electron microscope pho- 
tographs.! 


CLINICAL EVIDENCE FOR POTENTIATION 


A notable exception to the dearth of 
positive clinical evidence in support of 
chemotherapeutic potentiation of irradia- 
tion is the study by Reese ef a/.” on the 
treatment of retinoblastoma by roentgen 
rays and TEM. Retinoblastoma is a visible 
tumor, lying within a visible tumor bed, the 
damage to which can be assessed by fundu- 
scopic observation and by the degree to 
which sight is retained. Most of the cases 
described by Reese ef a/. were not organized 
as a randomly selected forward study. 
Nevertheless, their recent results warrant 
careful consideration. Although the 22 con- 
secutive controls were not contemporane- 
ous with the experimentals, the four year 


rate in the controls with roentgen 
therapy alone (tumor doses ranging from 
6,500 to 9,200 r) was 64 per cent. The cure 
rate with vision intact was $0 per cent. In 
1955 they reported the results of combined 
therapy with oral TEM plus 3,250 r tumor 
dose in The cure rate 
was 70 per cent, all with vision intact and 
no vitreous hemorrhages, retinal damage, 
cataracts. These cases had been followed 
for four years post therapy at the time of 
the most recent report. Subsequently, the 
results of Ig consecutive eyes were reported 
in which the treatment consisted of intra- 
muscular TEM plus 3,250 r. Seventeen (89 
per cent) of these have remained well in 
excess of fifteen months. Reese ef a/. ob- 


cure 


20 consecutive eyes. 


or 


served recurrence beyond a six month 
period of observation in only 3 cases. In 
addition, 12 comparable eyes with early 


disease were randomly selected for either 
roentgen therapy alone or roentgen therapy 
in combination with TEM. The roentgen- 
ray dose was 3,250 rin each group. T hree of 
those treated by roentgen rays alone 
showed recurrence and required further 
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treatment. None of those treated with com- 
bined therapy have had recurrences.” 

We have treated 11 eyes with retino- 
blastoma, g without TEM, 3 in combina- 
tion with TEM (in one case the lesion re- 
curred after treatment with roentgen rays 
alone and was re-treated in combination 
with TEM). Those in which combination 
therapy was utilized appeared to respond 
more quickly than those treated with roent- 
gen rays alone. 

The potentiation of roentgen-ray effects 
by actinomycin D has been suggested by 
d’Angio, Farber and Maddock.!° Potentia- 
tion by s-fluorouracil was described by 
Hall.'* In each instance, however, the 
clinical material consisted of a heterogenous 
group of uncontrolled neoplasms, usually 
advanced, and usually progressive in spite 
of therapy. Objective evaluation of the 
response to combined therapy under these 
circumstances is difficult. It seems clear 
that as far as measurable response is con- 
cerned, the skin reaction to irradiation is 
augmented by actinomycin D. This obser- 
vation was confirmed in our limited series 
by a patient who had irradiation at 6 mev. 
by the Stanford medical linear accelerator 
for a Wilms’s tumor. No appreciable skin 
reaction occurred. Later the patient devel- 
oped hepatic metastases. Roentgen thera- 
py, augmented with actinomycin D, was 
instituted. She developed a_ brisk skin 
reaction at a dose comparable to that which 
had previously produced no reaction, to- 
gether with a flareup of reaction in the 
previously treated field. 

It seems unlikely that the indiscriminate 
use of potentiators in combination with 
roentgen therapy in patients with far ad- 
vanced or so-called clinically radioresistant 
tumors will yield data capable of conclusive 
analysis. Our group of 15 patients treated 
with FU in combination with roentgen 
irradiation may be taken as an example 
(Table 1). 

The cases selected for combined therapy 
were limited to patients either with far 
advanced disease or with neoplasms not 
controlled by a previous course of irradia- 
tion. In this group it was anticipated that 
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only a limited dose of irradiation would be 
tolerated and therefore any increase in its 
effectiveness might be advantageous. These 
patients were extremely difficult to manage 
because of their poor general condition and 
the toxic manifestations of the drug which 
were superimposed. 

The regenerating epithelium of the gas- 
trointestinal tract and the bone marrow 
were damaged by the drug. FU was admin- 
istered in divided doses of 15 mg./kg. up to 
a maximum of I gm. per day for four and 
one-half days. Occasionally, a second course 
of the drug was administered after the 
elapse of one month. If toxic manifestations 
occurred at any time, treatment with the 
drug was discontinued. 

The first sign of toxicity was usually a 
well defined patch of stomatitis on the inner 
surface of the lower lip. Anorexia was com- 
mon and leukopenia occurred 1n our series 
several days after the loading dose. In 3 
cases with oral lesions, severe Staphylococ- 
cus aureus infections occurred in the mouth. 

The tumors regressed more rapidly than 
expected in 7 patients, whereas in 5 the 
observed response might have been antici- 
pated from irradiation alone. Table 11 indi- 
cates that 5 of the 15 patients treated with 
combined therapy have survived from nine 
to eighteen months following treatment. 
Patients No. 11, 12, 14, and 15 have no 
evidence of neoplasm in the region treated 
while patients No. 11, 14, and 15 have no 
evidence of neoplasm. Patient No. 2 de- 
veloped a 14X6 cm. lobulated density in 
the right upper lobe after a squamous car- 
cinoma of the tongue had been controlled 
by a radium implant. Although no biopsy 
of the pulmonary lesion was obtained, it re- 
gressed after combined therapy. At post- 
mortem examination no neoplasm was 
identified in the lungs. This small series is 
uncontrolled, and we are aware of the 
dangers of basing any conclusions on the 
so-called ‘‘anticipated response from radia- 
tion therapy alone.” 

I would like to suggest a clinical study 
which might be more productive. Patients 
should be selected who have a type of neo- 
plastic disease with which there has been 


Patient 

EN. 

2. H.A 
A.G 
4. J.B. 

5. H.A 

6. H.A 

8. HJ. 
g. E.S 

io, 
) 

| 12. B.H. 

13. J.M. 

14. G.M. 

BZ. 


Region Treated 


Diagnosis 


Bronchial carcinoma, poorly 
differentiated 


Metastatic carcinoma of lung 
(unproved), primary squa- 
mous cell carcinoma’ of 
tongue 


Carcinomaof nasopharynx re 
current after previous radia 
tion therapy, lymphoepithe 
lioma 


Carcinoma metastatic to lung. 
From embryonal cell carci 
noma and seminoma of left 
testis 


Squamous carcinoma of soft 
palate. Recurrent after pre- 
vious roentgen therapy 


Squamous cell carcinoma of 
buccal mucosa metastatic to 
skin of neck after neck dis 
section 


Squamous cell carcinoma of 
tonsillar pillar persistent after 
previous roentgen therapy 


Pulmonary metastases from 
mixed tumor (parotid) 


Undifferentiated 
cell carcinoma of bronchus 


squamous 


Squamous cell carcinoma of 
esophagus 


Bronchial carcinoma, squa 
mous cell 


Lymphoepithelioma of naso- 
pharynx, metastases to neck 
lymph nodes, persistent after 
previous radiation therapy 


Squamous cell carcinoma of 
posterior tongue, recurrent 
after previous radiation ther- 
apy 


differentiated 
mous cell carcinoma of maxil- 
lary antrum, recurrent after 
previous radiation therapy. 
Bilateral cervical adenopathy 


Poorly squa- 


Adenocarcinoma of right groin; 
metastatic from uterus 


with Combined 


Therapy 


Mid-thorax 


Mid-chest 


Left antrum 


Entire lungs; peri- 
aortic lymph nodes 


Lateral pharynx 


Neck 


Lateral pharynx 


Entire right lung 


Mid-chest 


Mid-chest 


Mid-chest 


Nasopharynx; cer- 
vical lymph nodes 


Base of tongue 


Antrum and orbit 


Left neck 
Right neck 


Right groin 
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TABLE II 


Radiation (tumor dose) 


6 mev. Stanford Medical FU Dose 
Linear Accelerator 

max. 6,500 rads/soda. 7,900 mg. 
min. 6,030 rads/§o da. 
4,680 rads /36 da. 3,600 mg. 
max. 6,ooo rads/38da. 4,530 mg. 
min. § ,000 rads /38 da. 

2,000 rads/29 da. 5,000 mg. 
2,600 rads /44 da. 

3, 300 rads /26 da. 6, mg. 
4,200 rads/¢4 da. oe mg. 
2,700 rads /18 da. 3,500 mg. 
2,000 rads/1§ da. 3,750 mg. 
3,600 rads/18 da. 4,500 mg. 
3,100 rads/22 da. 4,500 mg. 
§ 600 rads/31 da. 4,500 mg. 
4,300 rads/40 da. 5, SOI mg. 
4,200 rads/40 da. 

3,900 rads/22 da. 4,750 mg. 
4,600 rads/§1 da. 7,500 mg. 
3,850 rads/21 da. 

rads /45 da. 

2,800 rads/24 da. 3,150 mg. 


Status (mo. after beginning 
of therapy) 


Died at 11 mo. with neoplasm 
} 


Died at 4 mo. of multiple pul 
monary and 
pneumonia. No neoplasm in 


abscesses lobar 
tongue or chest was found at 
postmortem examination 


Died at 7 mo. with tumor 


Pulmonary metastases disap- 
peared but recurred in 4 mo. 
after therapy. Died at 12 mo. 
with neoplasm 


Patient exsanguinated before 
completion of therapy 


Died at 3 mo. with persistent 
neoplasm 


Died during therapy. Exten- 
sive pneumonia 


Metastases partially regressed. 
Metastases in left lung also re 
gressed after same roentgen- 
ray dose without FU. Died at 
4 mo. diffuse 
nitis and persistent neoplasm 


with pneumo- 


Died with disease at II mo. 


Therapy discontinued due to 
down-hill Died with 


course. 


neoplasm at 2 mo. 


Living without tumor at 18 


mo. 


No neoplasm in regions treated. 
Living with pulmonary and 
Osseous metastases at 14 mo, 


Terminal with probable pe 
sistent disease at I2 mo. 


Living at Iii mo. No objective 
evidence of persistent carci 


noma 


Therapy discontinued due to 
intestinal obstruction. Living 
9 mo. without evidence of neo- 
plasm 


— 


considerable radiotherapeutic experience. 
The neoplasm should not be one in which a 
high cure rate with radiation therapy alone 
is expected. Nor should it be one in which 
the expected cure rate is exceedingly low. 
Patients with carcinoma of the cervix, 
Stage 11, or with carcinoma of the bladder 
might be considered in this category. The 
cases selected should be randomly segre- 
gated into two comparable groups, one for 
combined therapy and one for radiation 
therapy alone. Since any particular institu- 
tion might have relatively small numbers of 
candidates, a cooperative study designed 
according to a well organized protocol and 
conducted in several centers would provide 
a more rapid accumulation of clinical ma- 
terial. The assessment of long-term cure 
rates would be the most meaningful end 
point. 


SUMMARY AND CONCLUSION 


It seems reasonable to conclude that in at 
least one tumor, retinoblastoma, a higher 
cure rate with less damage to the adjacent 
normal tissue was demonstrated when 
TEM was used in conjunction with roent- 
gen radiation. Numerous possibilities for 
the potentiation of roentgen-ray effects by 
chemotherapeutic agents have been sug- 
gested. Among these, FU and actinomycin 
D appear to have limited usefulness. The 
mode of incorporation into DNA of other 
halogenated pyrimidine analogues such as 
BUDR and IUDR suggests that these 
compounds hold promise as potentiating 
agents. More pre-clinical investigation is 
indicated in order to select that combina- 
tion most likely to succeed on a clinical 
level. In order to prove that the efficacy of 
roentgen therapy can be increased by chem- 
ical potentiation, a long-term study of 
patients, carefully selected as to neoplastic 
type, will be necessary. 

Department of Radiology 
Stanford University School of Medicine 
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TREATMENT OF BREAST CANCER BY RADICAL 
MASTECTOMY, POSTOPERATIVE ROENTGEN 
THERAPY, AND INTRAVENOUS 
RA DIOPHOSPHOR US* 


HEMATOLOGIC EFFECTS 


By GLENN E. SHELINE, M.D.,t MALCOLM D. JONES, M.D.,¢ avd H. GLENN BELL, M.D.t 


SAN FRANCISCO, CALIFORNIA 


N JUNE, 1955, Bell and Low-Beer pro- 

posed a new approach to the therapy of 
operable breast cancer.'! Their method con- 
sisted of radical mastectomy followed by 
the administration of roentgen therapy and 
intravenous radiophosphorus. The use of 
radiophosphorus, suggested by Kenney as 
early as 1942,” was based on the fact that 
actively dividing cancer cells require phos- 
phorus, and on the observation that the 
ability of breast carcinoma tissue to difter- 
entially concentrate phosphorus may be as 
much as ten times that of normal non- 
hematopoietic tissue. The hope was that 
mastectomy would eradicate the local le- 
sion, that postoperative roentgen therapy 
would control the disease in regional lymph 
nodes, and that intravenous radiophos- 
phorus would destroy floating cancer cells 
and prevent distant metastases. In the 
original report, Bell and Low-Beer de- 
scribed a series of 8 patients, Stages 1 and 
111, of whom § were alive and well for eight 
to nine years. Later, Low-Beer and Bell* 
reported 75 of 81 more recently treated 
patients alive and well; the majority of 
this group, however, had been followed for 
less than three years. 

The present authors, who had worked 
with Low-Beer, continued the study after 
his death in 1955. In February, 1956, the 
use of radiophosphorus was discontinued 
until its effect on the bone marrow as well 
as on the breast carcinoma could be evalu- 
ated. Through January, 1956, 111 patients 
with carcinoma of the breast received ra- 


diophosphorus as part of this program. 
Since these patients received fairly large 
doses of P® and had no known bone mar- 
row disorder, it is thought that their hema- 
tologic responses are of interest. The pres- 
ent report presents the hematologic data 
for these 111 patients. 


MATERIAL 


Most of the 111 patients were from the 
clinic or the private services of the Univer- 
sity of California Hospitals, San Francisco; 
4 (Stage 11) were referred by outside sur- 
geons after mastectomy. Seventy-two pa- 
tients operated on during this period were 
not referred for postoperative irradiation; 
however, the bias so introduced should 
influence the hematologic results only to 
the extent that a few patients were ex- 
cluded because of advanced age. Since the 
initial therapy consisted of mastectomy, 
few patients with advanced disease are 
included. 

STAGING 

The cases were staged according to the 
recommendations of the Committee on 
Clinical Stage Classification and Applied 
Statistics of the International Union 
Against Cancer. This system was selected 
because Zippen and Kohn?* have recently 
reviewed and restaged by this classification 
all breast cancer cases treated in this hos- 
pital in the years 1942 through 1956, thus 
permitting an intercomparison with other 
material from the same hospital. The stag- 


* From the University of California, School of Medicine, San Francisco, California. Presented at the Sixty-first Annual Meeting 
of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 1960. 

+ Department of Radiology. 

t Department of Surgery. 
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ing is designated as follows: 

Stage 1. Tumor § cm. or less in diameter 
and restricted to the breast with absent or 
incomplete skin fixation. The nipple may 
be retracted or Paget’s disease may be 
present. 

Stage 11, Involved axillary lymph nodes. 
Primary tumor same as in Stage I. 

Stage 11, Tumor greater than 5 cm. in 
diameter, or complete skin fixation, or skin 
involvement wide of the tumor, or orange- 
peel skin, or complete fixation to the chest 
wall, or fixed axillary nodes, or homolateral 
supraclavicular nodes present. 

Stage Iv, Distant metastases present. 

In this study, patients classified as Stage 
| or 11 are probably representative of that 
stage. Stage 111, however, comprises those 
patients with tumors greater than § cm. in 
diameter, but rarely with the other findings 
that would have made the lesion inoper- 
able. 

TREATMENT 

A radical mastectomy was performed in 
all but § patients in whom, because of age 
or bilateral breast cancer, the 
elected a simple mastectomy. 

All patients received intravenous radio- 
phosphorus in the form of sodium acid 
phosphate. The total dose in each patient 
was divided into 6 to 8 injections over a 
period of approximately three weeks. Sev- 
enty-one per cent either received the initial 
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TABLE I 
rOTAL DOSE OF p™ 
| No. of || D | No. of 
ose (mc : | Dose (mc) | : 
) Patients €(mc) | Patients 
@% 4 12 22 
5 I 13 18 
6 oO 14 6 
7 I 1S 12 
8 3 16 2 
9 13 17 
10 12 >17 fe) 
13 


injection while the operative procedure was 
still in progress, or within twenty-four 
hours thereafter. The other 29 per cent re- 
ceived the first radiophosphorus dose be- 
tween two days and three weeks after sur- 
gery. Dosage was determined according to 
body weight; Table 1 shows that all but 5 
of the patients received a total of 7 to 17 
me of radiophosphorus. Doses of 5 me or 
less were not intentional and are accounted 
for by some interruption in the course of 
therapy. 

Roentgen therapy was begun as soon as 
the operative wound attained primary heal- 
ing. This was usually ten to fourteen days 
after surgery, but was occasionally later 
when referral or healing time was delayed. 
Table 11 shows the areas treated by roent- 
gen therapy according to the stage of the 
disease. Two-thirds of the Stage 1 patients 


TABLE II 


AREA TREATED BY ROENTGEN THERAPY ACCORDING TO STAGE OF DISEASE* 


7 
Supraclavicular|Supraclavicular, 


| 
} 
Miscellaneous 


Roentge Stern: No. of 
Stage | | and Axillary and Sitect p 
were | Sites atients 
| | Axillary Sternal 
I 5 20 3 9 ° 37 
Il] I 14 I 19 
Total | 6 21 14 62 8 111 


* All patients received P% 


t 5 patients: supraclavicular, axillary, and chest wall roentgen therapy. 


I patient: 
I patient: 
I patient: 


supraclavicular and chest wall roentgen therapy. 
axillary and chest wall roentgen therapy. 


supraclavicular, axillary, sternal, and pelvic (for sterilization) roentgen therapy. 
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TaBLe III 


ROENTGEN THERAPY PLAN* 


Sternal (anteroposterior) 
Supraclavicular (anteroposterior and posteroanterior) 
Axillary (anteroposterior and posteroanterior) 


Size (cm.) | Dose (r/cm. depth) | Time (da.) 


| 
8X12 | 3,000 r/3 cm. 30 


| 10X15 | 4,000 r/midplane | 40 
7X10 =| 4,000 r/midplane 40 


| 


* There was some deviation from plan according to the size of the patient, skin reaction, etc. 


received radiation only to the sternal field. 
The Stage 11 and Stage 11 patients, in 
general, had irradiation of the sternum, 
supraclavicular-infraclavicular area, and 
axilla, but, in each, the treatment plan was 
individualized. Table 111 shows the average 
size of the various treatment fields, the 
intended tissue dose, and the over-all pe- 
riod of radiation therapy. The sternum was 
treated through an anterior midline field 
extending inferiorly from the suprasternal 
notch, with an effort made to deliver a 
calculated dose of 3,000 r at a depth of 3 
cm. in thirty days. The supraclavicular- 
infraclavicular area was treated via an- 
terior and posterior fields measuring about 
10 by 15 cm. In this area, the calculated 
midplane dose of 4,000 r was given in ap- 
proximately forty days. The axilla, treated 
through anterior and posterior, opposing, 
7 by 10 cm. fields, also received a 4,000 r 
midplane dose in forty days. Field size, 
tissue dose, and delivery time varied, de- 
pending primarily on the size of the patient 
and the degree of skin reaction. Therapy 
was given with either 200, 220, or 250 kv. 
peak radiation filtered to provide a half 
value layer ranging from 0.9 to 1.4 mm. 
Cu with a target skin distance of 50 cm. 
In the 7 patients (Table 11) receiving radia- 
tion to the chest wall, 100 kv. radiation 
was used. 


HEMATOLOGIC RESULTS 
Depression and recovery of hemoglobin 
concentration, packed cell volume, white 
blood cell count, and platelet count are 
indicated in Tables 1v through 1x. Although 
the total group consisted of 111 patients, 
the number of those adequately studied for 


each of the various parameters was some- 
what smaller. Each table includes all pa- 
tients for whom data are available for the 
particular parameter. In some patients, 
either the determination was not obtained 
at each of the desired intervals, or the re- 
sponse was so altered by transfusion that 
it was not possible to acquire data showing 
radiation ettects and recovery. In some 
patients with depression of one or more of 
the formed blood elements, the follow-up 
data were inadequate to demonstrate the 
date of recovery; hence, the tables show 
fewer “‘at risk” patients with respect to 
recovery time than for the period of de- 
pression. 


HEMOGLOBIN AND PACKED CELL VOLUME 

Of the patients receiving radiophos- 
phorus but no other radiation therapy, 4 of 
§ had a drop in hemoglobin (Hb) concen- 
tration of 2 gm. or less per 100 ml., and 
none of the 4 had a drop in packed cell 
volume (PCV) greater than 4 per cent 
(Table tv). In the 1 patient with a signifi- 
cant drop in Hb, the low level was associ- 
ated with a terminal pulmonary embolus. 
Thus, the influence of P®, without other 
irradiation, on the Hb concentration and 
PCV was minimal. In considering the ad- 
ditional effect of roentgen therapy, irradia- 
tion of the sternum was probably more 
effective for the suppression of Hb and 
PCV than irradiation of the axilla and 
supraclavicular fossa, but the greatest ef- 
fect occurred when all three areas were 
treated. Table v demonstrates that the Hb 
tended to reach a minimum concentration 
between two and three months following 
surgery, or about one month following com- 
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TABLE IV 


MINIMUM HEMOGLOBIN CONCENTRATION AND PACKED CELL VOLI ME* 


Hemoglobin Concentration Packed Cell Volume 
No. of Patients No. of Patients 
y 32 32 32 32 
Dropt (gm.) ps2 ps I ps ps2 
+5 +-§ A percentage) 45 +5 A 
only +M and A | and M only +M and A | and M 
O~I 2 8 6 13 O- 2 I 3 4 2 
2 6 18 3 5 2 4 
4 18 ~4- 6 2 2 9 
I 2 I 8 >6-— 8 3 8 
I >s—I¢ I I 7 
10 
Total 19 I 60 Total 9 
4 4 | 14 4 


* M, S, and A=roentgen therapy to sternum, supraclavicular area, and axilla, respectively. 


+ Drop= maximum postoperative value minus the minimum occurring during the first six months after surgery. 


pletion of radiation therapy. A minimum to that found immediately postsurgery) 
Hb concentration at least 15 per cent lower varied from one to several months, recovery 
than the immediate postsurgical value oc- did occur in all instances. According to 
curred in one-half of the patients. Table v Table v1, times for depression and recovery 
also shows that, while the recovery time of the PCV are essentially the same as those 
(defined as the time between the minimum _ observed for the recovery of Hb concentra- 
level and the return to a level at least equal _ tion. 


TABLE V 


TIMES OF MINIMUM HEMOGLOBIN CONCENTRATION AND OF RECOVERY ° 


No. Reaching Minimum? No. Recoveringt 
Time 

(mo.) ps p32 P2+S, P2+LS P2+5S, 
only +M and A A and M only +M and A A and M 

I I 

2 8 | 4 23 I 7 

7 I 2 

4 I 2 I 

6 I I 

12 2 I I 5 

24 I I 

36 I 

Total I 9 | 4 35 ) : 4 25 

At Risk 5 Ig 14 60 5 4 25 


*M, S, and A=roentgen therapy to sternum, supraclavicular area, and axilla, respectively. 

| Minimum=at least 15 per cent less than the postsurgical level. 

t Recovery = to at least the postsurgical level. Time is calculated from the time of the minimum. The difference between the number 
of patients in each category reaching the minimum and the number at risk for recovery is due to the lack of data for some patients. 
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TABLE VI 


TIMES OF MINIMUM PACKED CELL VOLUME AND OF RECOVERY * 


No. Reaching Minimumt 


No. Recovering{ 


Time 
(mo. ) p% | ps2 P2+5 P2+S, p22 | P22 | P2+5 P2+5S, 
only +M and A | AandM only +M and A A and M 
I | I 6 
2 I 5 } 24 3 7 
4 
6 I 2 
12 
24 I 3 
36 
Total I 6 4 37 I 5 4 20 
At Risk 4 | 14 | fe) 40 I 5 4 21 


* M, S, and A=roentgen therapy to sternum, supraclavicular area, and axilla, respectively. 
+t Minimum=at least Io per cent less than the postsurgical level. 
t Recovery=to at least the postsurgical level. Time is calculated from the time of the minimum. The difference between the number 
of patients in each category reaching the minimum and the number at risk for recovery is due to the lack of data for some patients. 


WHITE BLOOD CELL AND PLATELET COUNTS 
Of the 89 patients for whom data were 
available, 82 had white blood cell (WBC) 
counts greater than §,O000 previous to sur- 
gery. Ninety-six of 98 patients with platelet 
determinations available either presurgery 
or immediately postsurgery had _ levels 
greater than 150,000 per cubic millimeter. 
During or following radiation therapy, 
WBC counts decreased to 3,000 or less in 
77, went below 1,000 in 7, and dropped to 
under 500 in 1 of 98 patients (Table vir). 
A depression of at least 33 per cent was 
found in 96 of these patients (Table vu). 
The mininum WBC level was generally 
reached between one and three months fol- 
lowing surgery, and recovery to at least 
5,coo WBC occurred in all but 7 cases of the 
78 for whom data are available (Table vir). 
In the other 7, the WBC count returned to 
a level of at least 4,000. 
Of 96 patients with observations, 58 had 
a decrease in platelet count to 100,000; 16 
to 50,000; and § to 30,000 or less (Table 
vil); 76 had a depression of platelet count 
to 50 per cent or less of the presurgical or 
immediate postsurgical level. All but 1 re- 
covered to at least 100,000 and to double 


the minimum (Table 1x). The platelet 
counts reached the minimum at about the 
same time as the WBC count and also 
recovered at a similar rate. 

For all patients, living and well, who 
were followed between four and_ seven 
years, Hb and PCV values and platelet, 
red blood cell, white blood cell, and differ- 
ential white cell counts were within the 
normal range. The white blood cell and 
platelet counts, however, did not always 
return to their baseline values. 

In general, transfusions were not given 
and treatment was continued in spite of 
lowering of the peripheral blood elements. 
Exceptions occurred in § patients in whom 
transfusions of I, 1, 2, 3, and § units, re- 
spectively, were administered without stop- 
ping therapy. In each case, the transfusions 
were given because of a drop in Hb, al- 
though in none did it go below 9.4 gm. per 
100 ml. In retrospect, and in view of the 
now available information, recovery of 
these 5 patients would probably have oc- 
curred without transfusion if sufficient time 
had been allowed. Several patients with 
widespread metastases required transfu- 
sions during the terminal stage. 
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TABLE 


WBC 


No. of Patients 


Minimum ps2 ps2 
3 232 
I ,000/mm. | 4S 45, A 
and A | and M 
> 5 I I 
>4 5 2 z 2 
>3 -4 3 4 6 
>2 -3 3 8 2 27 | 
>I 2 4 23 
§-1 I I J 
I 
Total 5 19 12 62 


Therapy was discontinued in 2 patients 
because of white blood cell counts of 500 
and §50 per cubic millimeter. Each had 
received 13 mc of radiophosphorus and was 
receiving radiation to supraclavicular, axil- 
lary, and mediastinal fields. In these pa- 
tients, the Hb dropped from 13.1 to 10.4 


TABLE 


No. Reaching Minimum 


+ Minimum=at least 33 per cent less than the presurgical level. 


t Recovery=to at least 5, 
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TIMES OF MINIMUM WHITE BLOOD CELL COUNT 


patients in each category reaching the minimum and the number at risk for recovery is due to the lack of data for some patients. 


Vil 


MINIMUM WHITE BLOOD CELL AND PLATELET COUNTS* 


Platelet 


No. of Patients 


Minimum ps ps 
1.¢ 3 p22 p22 
000 /mm 45 45, A 
only I 
and A | and M 
> 200 I 
> 150-200 2 I 5 I 
> 100-150 I 16 
| 
> 50-100 I 8 4 29 
40 5 6 
< 30 2 I 2 
Total 4 20 13 59 


* M, S, and A=roentgen therapy to sternum, supraclavicular area, and axilla, respectively. 


and from 14.8 to 10.2 gm. per 100 ml. The 
platelet levels decreased from 366,000 to 
16,000 and from 342,000 to 46,000 per cubic 
millimeter, respectively. In both, the plate- 
let and white blood cell levels returned to 
normal (greater than 200,000 platelets and 
5,000 white blood cells per cubic millimeter) 


Vill 


AND OF RECOVERY* 


No. Recoveringt 


Time 
(mo.) p32 p32 P2+LS P2+S, p32 P32 P2+5, 
only +M and A A and M only +M and A A and M 
I 2 3 3 3 24 
2 I 16 9 §2 4 2 6 
3 I I 2 I I 
4 I I 3 
6 | 4 I 2 
12 I I 
24 I I 
36 I 
Total 3 19 12 62 3 12 10 46 
At Risk 5 19 12 62 3 13 12 Xe) 
* 


M, S, and A=roentgen therapy to sternum, supraclavicular area, and axilla, respectively. 


per mm.3 Time is calculated from the time of the minimum. The difference between the number of 
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TABLE IX 


TIMES OF MINIMUM PLATELET COUNT AND OF RECOVERY* 


No. Reaching Minimumt 


No. Recovering{ 


Time 
(mo. ) ps2 P2-+S, ps2 p22 P2+5S, 
only +M and A A and M only +M and A A and M 
I 3 2 2 5 23 
2 I 16 4 5 2 7 
3 2 2 
4 I 
6 4 
12 3 
24 
36 
Total 2 19 6 49 2 12 5 38 
At Risk 4 20 13 2 12 5 39 


* M, S, and A=roentgen therapy to sternum, supraclavicular area, and axilla, respectively. 

+ Minimum=at least 50 per cent less than the presurgical or postsurgical level. 

t Recovery=to at least 100,000 /mm.' and to double the minimum level. Time is calculated from the time of the minimum. The dif- 
ference between the number of patients in each category reaching the minimum and the number at risk for recovery is due to the 


lack of data for some patients. 


within one month after cessation of ther- 
apy. One patient received 3 transfusions, 
whereas the other received no_ specific 
therapy. 

A forty-eight year old patient with Stage 
1 breast cancer developed leukemia, which 
was the cause of death four years following 
radical mastectomy. She had received 13.0 
mc of radiophosphorus and roentgen ther- 
apy to the mediastinum (3,000 r calculated 
at a depth of 4 cm. delivered through an 8 
by 10 cm. field with radiation of 1.4 mm. 
Cu half value layer). The hematologists 
diagnosed this as an acute monocytic leu- 
kemia. There is no way of ascertaining 
whether radiation was in any way respon- 
sible for the leukemia. 


DISCUSSION 


It would be of interest to differentiate 
the parts played by radiophosphorus and by 
roentgen therapy in depressing the formed 
elements of the peripheral blood. Unfortu- 
nately, the current series includes only a few 
patients treated by roentgen therapy alone, 
and patients previously treated by roent- 
gen therapy without P® did not have sys- 


tematic blood counts made over a_ pro- 
longed period of time. One approach around 
this lack of roentgen-treated controls would 
be to calculate the integral dose of radia- 
tion for patients of the current series and 
contrast their hematologic responses with 
those to be expected from such integral 
doses; Kohn* has summarized the changes 
in leukocyte count during roentgen therapy 
and related these to integral dose. For the 
present patients such calculations would, 
however, present several difficulties. First, 
most of the roentgen therapy was given 


obliquely or tangentially to areas of 


rounded or irregular contour, so that in- 
tegral dose calculations for the radiation 
would involve doubtful approximations. 
Second, while soft tissue and bone com- 
partment P® dose calculations were made 
according to the method of Low-Beer ef a/.,’ 
poorly documented assumptions regarding 
P® distribution and effective half life are 
inherent and the calculations lack meaning. 


SUMMARY 


This report deals with the hematologic 
effects in 111 patients treated with mastec- 


VoL. 85, No. § 


tomy, postoperative roentgen therapy, and 
intravenous radiophosphorus for cancer of 
the breast. In many patients, the Hb, PCV, 
WBC, and pli itelet levels dropped consider- 
ably within a month or so after completion 
of therapy. Spontaneous recovery of these 
formed blood elements usually followed 
several weeks after the maximum depres- 
sion. Although recovery to pretherapy lev- 
els did not always occur, 1n no patient were 
abnormal values obtained in the four to 
seven year follow-up period. 

Five patients received transfusions dur- 
ing the course of therapy, but these trans- 
fusions were probably unnecessary. In 2 
patients, therapy was discontinued because 
of low white blood cell and platelet counts; 
both recovered within one month. One pa- 
tient died of acute monocytic leukemia four 
vears after therapy for carcinoma of the 
breast. 

Glenn E. Sheline, M.D. 
University of California Medical Center 
San Francisco 22, California 
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TREATMENT OF BREAST CANCER BY RADICAL 
MASTECTOMY, POSTOPERATIVE ROENTGEN 
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CALVIN ZIPPIN, Sc.D.,§ and H. GLENN BELL, M.D. 
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ELL and Low-Beer! considered the 

major unsolved problem in treatment 
of breast cancer to be distant metastases 
rather than local disease. Hence, they 
treated a series of such patients by radical 
mastectomy and postoperative roentgen 
therapy, plus radioactive phosphorus ad- 
ministered intravenously as sodium acid 
phosphate. The theoretical concepts behind 
the use of radiophosphate were that cancer 
cells are actively dividing and therefore 
incorporate phosphate, and that the radia- 
tions from P® might be lethal to the cell, 
or at least interfere with its reproduction. 
The P® treatment was not intended to af- 
fect the primary tumor or metastases 
established in local lymph nodes; rather it 
was hoped that it would affect cancer cells 
shed by the tumor and circulating through 
the body, particularly in the operative and 
postoperative periods. Since Low-Beer’s 
death, the continuation of this study has 
been assumed by the present authors. 
The hematologic findings have been pre- 
sented.* 

The present report analyzes the survival 
in this series of patients treated by radio- 
phosphorus and in two other series used as 
controls. Of particular concern in the 
analysis is the influence, if any, of the P®. 
For various reasons—including the presence 
of simultaneous multiple primary carcino- 
mas (4 patients), the use of simple mastec- 
tomy (5 patients), previous radical mastec- 


tomy for cancer of the opposite breast (4 
patients), or radiation therapy elsewhere 
(4 patients)—-17 patients considered in the 
study of hematologic effects are not suit- 
able for this survival study. Thus, only 94 
patients who received P® are in the current 
group. 


SELECTION OF PATIENTS FOR THE 
SURVIVAL STUDY GROUP 

The patients included in the study were 
treated between 1948 and 1955. With a few 
exceptions, the P*® cases (cohort 2-b) were 
from the period 1952 through 1955. A con- 
current series (cohort 2-a) was composed 
of those who were treated in this same in- 
terval but who did not receive P®. To in- 
crease the number of comparison cases not 
treated with P*, an additional series of 
cases without P® (cohort 1) was obtained 
for the period 1948 through 1951. 

This study then comprises the following 
groups: 

1. All cases of carcinoma of the breast in 
women treated at the University of Cali- 
fornia Medical Center from 1948 through 
1955 were considered. 

2. Definitive treatment began with a 
radical mastectomy not later than ten days 
after the first diagnosis of breast cancer. 
(There was 1 exception in which the inter- 
val was three weeks.) The surgery was per- 
formed at the University of California 
Medical Center in all but 4 Stage 11 pa- 


* From the University of California, School of Medicine, San Francisco, California. Presented at the Sixty-first Annual Meeting 
of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 1960. 


+ Department of Radiology. 


t U.S. Atomic Energy Commission Radiological Laboratory, Department of Radiology. 
§ General Tumor Registry (Cancer Research Institute) and Department of Preventive Medicine. 


|| Department of Surgery. 
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tients who were sent here postoperatively 
specifically for P* treatment. 

3. Roentgen therapy, when used, was 
given at the University of California Med- 
ical Center. 

4. Patients in whom another cancer was 
diagnosed for the first time concurrently 
with the breast cancer were excluded. 

5. Radiophosphorus therapy, if given as 
part of the definitive treatment, was begun 
as soon as practicable after the radical 
mastectomy and was given as a complete 
course at this hospital. In 71 per cent of the 
patients, the first injection of P* was given 
on the operating table at the time of the 
radical mastectomy, or within twenty-four 
hours thereafter. 

VARIABLES IN THE ANALYSIS 

To estimate the effect of P® treatment 
on survival, two series of cases, comparable 
in all respects except that only one series 
received P*, are required. Characteristics 
on which treatment and control groups may 
be tested for comparability are: the distri- 
bution of the ages of the patients, the dis- 
tribution of the stages of the disease, and, 
perhaps, the times at which the patients 
were treated. To ascertain how these 
factors varied in the present material, the 
cases in this study were classified with re- 
spect to age by stage and cohort (Table 1) 
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and with respect to treatment by stage and 
cohort (Table 11). In staging the cases, 
operative findings were utilized according 
to the recommendations of the Committee 
on Clinical Stage Classifications and Ap- 
plied Statistics of the International Union 
Against Cancer, as summarized in the pre- 
vious paper.® 

In regard to age distribution, cohorts 1 
and 2-b were similar but cohort 2-a (no P*) 
had relatively more older patients (Table 
1). Since cohorts 2-a and 2-b were concur- 
rent, it is evident that the younger patients 
were selected for the P® treatment more 
frequently than the older ones. This was 
probably due to the fear that the blood 
forming organs of the older patients might 
be more easily injured by P*®. Thus, com- 
parison of the survival of P® treated cases 
(cohort 2-b) in a given stage with survival 
of cases in cohort 2-a in the same stage 
may reflect differences in age as well as 
effectiveness of therapy. 

With respect to staging, the proportion 
of cases falling in Stage 1, 11, or 111 for the 
concurrent cohorts 2-a and 2-b are approxi- 
mately the same (Table 11). 

Almost all of the patients treated with 
P* also had roentgen therapy to the thorax 
and/or axilla.* Although radiotherapeutic 
treatment varies somewhat, only the dis- 
tinction, roentgen therapy versus no roent- 


TABLE I 


AGE DISTRIBUTION BY 


Cohort 1 (1945-1951) 


STAGE AND COHORT 


Cohort 2-a (1952-1955) | Cohort 2-b (1952-1955) 


No P® With P* 


No. of Cases Per Cent |No. of Cases Per Cent |No. of Cases Per Cent 


No P® 
Stage Age 

Under 45 | 14 24 
I 45-64 | 36 61 
Over 64 9 1§ 
Under 45 17 28 
I] 45-64 32 53 
Over 64 11 18 
Under 45 25 
Ill 45-64 20 62 
Over 64 4 12 


1S §2 1S 46 
9 16 
7 22 I 22 

13 41 2d 62 

12 38 16 
I 2 I] 
4§ 12 67 
5 45 4 22 
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TABLE II 


TREATMENT DISTRIBUTION BY STAGE AND COHORT 


Stage I Stage I] Stage III 
Cohort No R No R . No R ; | Total 
Roent- Total Roent- Total Roent- | Total 
gen Ray | gen Ray | 4) gen Ray | 
I 
1948 1951 56 4 59 44 16 60 16 16 72 ite 
No P® (39%) (40%) (21%) 
2-a 
1952-1955 26 3 29 20 12 32 7 4 11 72 
No P® (40%) (44%) (15%) 
2-b 
1952-1955 5 26 31 O 45 45 fe) is | 18 94 
With P (33%) (48%) (19%) 
Total 87 32 11g 64 73 137 23 38 61 317 


gen therapy, will be considered; further sub- 
division yields groups too small to be of 
use. Table 1 shows that the percentage of 
cases receiving roentgen therapy in cohorts 
1 and 2-a combined were: Stage 1, 7 per 
cent; Stage 11, 30 per cent; and Stage 111, 
46 per cent. The decision to give roentgen 
therapy without P® apparently was influ- 
enced by the stage of the disease. On the 
other hand, this bias was much less evident 
in the P® cases, where 84 per cent of those 
in Stage 1 and 100 per cent of those in 
Stages 11 and 11 received roentgen therapy. 
Comparison of the total group of cohort 
2-b cases with corresponding stage groups 
in cohorts 1 and/or 2-a will, therefore, con- 
found to some extent the comparison of the 
effect of P® with the effect of roentgen 
therapy on survival. The most specific com- 
parison, although limited by numbers, is to 
compare the survival of roentgen treated 
P® cases with the survival of the other 
cases who were also treated with roentgen 
rays. Where possible, comparable age 
groups should be studied. 


SURVIVAL DATA 


The survival data were analyzed pri- 
marily by the actuarial method of Berkson 


and Gage? with various cohort and treat- 
ment groups combined in several ways. It 
should be noted that these data are for 
survival and do not necessarily imply that 
the patients are disease free. 

Figures 1, 2, and 3 show the cumulative 
survival plotted as a function of years after 
the diagnosis of Stage 1, 1, and 11 of the 
disease. In these figures, the data for co- 
horts I, 2-a, and 2-b were plotted sepa- 
rately, but the cohort groups were not 
separated into those receiving or not re- 
ceiving roentgen therapy. The graphs show 
that the results with radiophosphorus are 
no worse than without it; in fact, 1t appears 
that P® may have had a beneficial effect in 
Stage 1. The cumulative survival rates at 
four and five years by stage, cohort, and 
treatment are given in Tables 11 and Iv. 
Since nearly all cases have been followed 
through the fourth year, but follow-up for 
the fifth year is not yet complete, consider- 
ations for the fourth year are based on a 
larger number of cases than for the fifth 
vear. For neither four nor five year survival 
did P® appear to make any material difter- 
ence in Stage 1. In Stage 1 the four year 
survival rates for all cases in each cohort 


were: cohort 2-b, 78 per cent; cohort 1, 61 
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YEARS AFTER DIAGNOSIS 


Fic. 1. Cumulative survival in Stage 1 of cohorts 1, 
2-a, and 2-b plotted without regard to whether or 
not roentgen therapy was used. 


per cent; and cohort 2-a, 56 per cent (Table 
1). The five year survival rates in Stage 11 
were 70 per cent for cohort 2-b and 52 per 
cent and $6 per cent for cohorts 1 and 2-a 
(Table 1v). These data suggest that P® 
may have had a beneficial effect in Stage 
Hw. As a test of this hypothesis, the four 
vear survival data of cohorts I and 2-a were 
combined and then compared with the 
data for cohort 2-b. For the combined co- 
hort the four year survivals for cohorts 1 
and 2-a were averaged and their variance 
pooled, giving a survival of 58.5 +0.0768 
per cent. When compared with the 78 
+0,0624 per cent survival of cohort 2-b, 
the value of Z was found to be 1.97, indi- 
cating a significant difference at the .05 
level. 

Regarding the effectiveness of roentgen 
therapy, in Stage 1 the number of cases in 
cohorts 1 and 2-a treated with roentgen 
therapy was too small to allow comparison. 
For Stage 1 (Table 11) cohorts 1 and 2-a, 
without radiation therapy, had approx- 
imately the same four or five year survival 
rate as cohort 2-b, with P® and roentgen 
therapy. In Stage 11, cohorts 1 and 2-a, no 
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Fic. 2. Cumulative survival in Stage 1 of cohorts 1, 
and 2-b plotted without regard to whether or 
not roentgen therapy was used. 


consistent or significant difference in sur- 
vival was noted between those treated and 
those not treated with roentgen therapy. In 
cohorts I and 2-a, however, roentgen ther- 
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Fic. 3. Cumulative survival in Stage 11 of cohorts 1, 
2-a, and 2-b plotted without regard to whether or 
not roentgen therapy was used. 
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TABLE III 
FOUR YEAR SURVIVAL RATES BY STAGE, COHORT, AND TREATMENT 


(ALL AGES) 


Stage | Stage II Stage III 
Cohort No R No | R No | R 
nt- oent- | | oent- } 
Roent- otal Roent- Potal Roent- | Total 
re ‘ ge av | ge av 
gen Ray | gen Ray | gen Ray | | 
| 
1g48-1951 87% * 87% 61% 62% 61% 50% 25% 
No P# 
2-a 
1952-1955 76% 74% 60% 56% / 55% 
No P® 
2-b 
1952-1955 | *7 84% 86% 78% 73% 66% 66% 
With P* we 


* Fewer than 6 cases. 


apy was not systematically used and those age compositions of the various cohorts, 
patients referred for radiation likely repre- the data for cases falling between forty- 
sent the more advanced cases of each stage. five and sixty-four years of age were re- 
There were too few cases in cohort 2-b that viewed for four year survival (Table v). In 
did not receive roentgen therapy to permit Stage 1, the survival (87 per cent) of co- 
assessment of roentgen therapy in this hort 2-b, treated with roentgen therapy and 
group. P*, was not significantly superior to that of 

Since a bias may result from the different cohort 1 (86 per cent) or cohort 2-a (68 per 


TABLE IV 
FIVE YEAR SURVIVAL RATES BY STAGE, COHORT, AND TREATMENT 


(ALL AGES) 


Stage | Stage II Stage III 
Cohort | No R No R No R 
oent- oent- | Noent- | 
Roent- R otal Roent- | =. | Total Roent- | R | Total 
gen Ray gen Ray | ren Ray 
gen Ray | 4) gen Ray | | | gen Ray | | 
| 
1948-1951 84% | | 49% 62% | 52% || 44% 25% 34% 
2a | | 
1952 1955 1% * 70% 60% 48% | 56% 71% * 55% 
No P® | | 
2-b 
1952-1955 . 80% 82% | 70% 70% | 55% | 55% 
With P® 


* Fewer than 6 cases. 
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TABLE V 


FOUR YEAR SURVIVAL RATES BY STAGE, COHORT, AND TREATMENT 


(AGE GROUP 45-64) 


Stage | Stage Il Stage III Stages Il and ]]] 
Cohort No R No R No R No R 
oentgen oentge oentger oentgen 
Roentgen oes" Roentgen entgen || Roentgen entgen || Roentgen ——— 
Ray Ray Ray Ray Ray Ray Ray Ray 
I 
1948-1951 86% 62% 50% 124 
No ps2 
No. of Cases 36 ’ 26 . 12 8 
2-a 
19§2-1955 68° s6% 
No 
No. of Cases 14 9 
1 and 2-a 
1948-1955 81% 60% 30% 50% 18% 57% 24% 
No P® 
No. of Cases 35 10 49 21 
2-b 
1952-1955 87% 78% 67% 75% 
With P® 
No. of Cases ” 15 28 12 40 


* Fewer than 6 cases. 


cent) which had no radiation therapy. In 
Stage 11, cohort 2-b did significantly better 
(Z=2.3) than cohorts 1 and 2-a combined; 
in this stage, the data for the restricted age 
groups are similar to those for all ages 
(Table 111). 

As an additional basis for comparison, 
the data for Stages 11 and 11 of patients 
between forty-five and sixty-four years 
were combined by treatment group (Table 
v). The survival for the P® and roentgen 
therapy group was 75 per cent versus §7 per 
cent for the nonirradiated group and 24 per 
cent for the group which had roentgen 
therapy only. By the Z-test, 75 and 57 per 
cent are not quite significantly different 
(Z=1.8) at the § per cent level of signifi- 
cance. 

In conclusion, it should be recalled that 
the use of radiophosphorus was predicated 
on the hope that it might affect floating 
cancer cells; it was not thought that it 


would influence more advanced disease. 
Since operable Stage 111 cases are a selected 
group of patients with advanced local dis- 
ease, radiophosphorus was not expected 
to influence their survival. Furthermore, in 
Stage 1 the four or five year survival rates 
are approximately 80 to 85 per cent (84 per 


, cent $ year survival for cohort 1 of present 


material); hence, a large patient group 
would be necessary to identify an improve- 
ment. Thus, if P® has an effect on survival, 
it probably would be detectable only in 
Stage 1. Interestingly, although statisti- 
cally the differences found in the current 
study are only of borderline significance, 
the Stage 1 patients receiving P® and 
roentgen therapy did consistently show a 
higher survival rate than those not receiv- 
ing P® with or without roentgen therapy. 
These results suggest that the effect of P® 
should be further tested in a larger group 
of Stage 11 carcinoma of the breast. This 
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study should be made where a large vol- 
ume of material is available and should be 
designed to avoid the problems of compari- 
son occurring in the present study. Since 
the survival rate in Stage 1 is high and little 
improvement could be expected in this 
group, it does not seem that the total body 
and the marrow irradiation from these 
doses of P® is justified unless it is estab- 
lished that P* does have a significant effect 
in other stages. 


SUMMARY 


1. Ninety-four patients with cancer of 
the breast were treated between 1952 and 
1955 by radical mastectomy and postoper- 
ative intravenous radiophosphorus; 89 of 
these also had roentgen therapy. 

2. The survival rates of the experimental 
group of patients were compared with the 
rates for similar groups of patients treated 
previously and concurrently, but without 
P22, 

3. The results were confounded by cer- 
tain factors of selection; particularly no- 
ticeable were the nonuniform distribution 
of patient ages between the cohorts and the 
variable utilization of roentgen therapy in 
those not receiving P*. The bias so intro- 
duced into the study cannot be fully eval- 
uated; hence, the significance of these re- 
sults for therapeutic practice must remain 
in doubt until a properly designed thera- 
peutic trial is carried out. 

4. The results in Stage 1 were not signifi- 
cantly changed whether P® and/or roent- 
gen therapy was used. In Stage 111, although 
the best results were with P® and roentgen 
therapy, the groups are too small for the 
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differences to be statistically significant. 
Because of the selective manner in which it 
was applied, the value of roentgen therapy 
alone cannot be evaluated. At present, 
continued use of P® in Stage I is not justi- 
fied. 

5. In Stage 1, gauged by four or five 
year survival rate for the entire age group, 
or for those patients of forty-five to sixty- 
four years, the cohort with both P® and 
roentgen therapy did better than those co- 
horts treated without P® (with or without 
roentgen therapy). The differences, al- 
though consistent, were of borderline sig- 
nificance. It appears that in Stage 11 an 
extension of the study is merited. 


Glenn E. Sheline, M.D. 

Department of Radiology 

University of California Medical Center 
San Francisco 22, California 


We are indebted to the U. S. Atomic Energy 
Commission for supplying radiophosphorus 
utilized in these studies, and for technical aid 
supported by the Cancer Research Fund of the 
University of California. 
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INTRAVASCULAR IRRADIATION OF THE 
INTERNAL MAMMARY LYMPH NODES 
IN BREAST CANCER* 


By RICHARD D. BRASFIELD, M.D., F.A.C.S., and ULRICH K. HENSCHKE, M.D., Px.D. 


NEW YORK, NEW YORK 


HE pioneer studies of Handley,® Mar- 

gottini,®» Urban,!° and others have 
shown that metastases from breast cancer 
to the internal mammary lymph nodes are 
frequent. The available statistics are as- 
sembled in Tables 1, u, m1 and rv. The com- 
bined figures from these studies show that 
30 per cent of all patients with breast can- 
cer had metastases in the internal mam- 
mary lymph nodes. 

The available statistics on the curability 
of patients with internal mammary lymph 
node metastases are given in Table v. The 
combined figures show that 34 per cent of 
patients with metastases to the internal 
mammary lymph nodes have survived five 
vears after surgical resection of the internal 
mammary chain. 

Unfortunately, surgical resection of the 
internal mammary lymph node area is a 
complicated and time consuming procedure 
producing a higher postoperative morbidity 
than radical mastectomy. It is, therefore, 
carried out by only a few surgeons. The 
most widely used treatment of the internal 
mammary lymph nodes today is postopera- 
tive roentgen therapy. It is usually given if 
the tumor lies in the inner quadrants of the 
breast or if positive axillary lymph nodes 
are found. Its disadvantages are skin and 
lung changes and the necessity for 3 to § 
weeks of additional treatment time. With 
most roentgen therapy techniques, not 
more than 4,000 r is delivered to the inter- 
nal mammary lymph nodes. The available 
reports do not permit judgment on the 
value of the roentgen therapy at these dose 
levels. 

This paper describes in detail a new 
method for treatment of the internal mam- 
mary lymph nodes, which we first suggested 


three years ago.! It consists of the insertion 
of radioactive sources into the internal 
mammary artery.* The rationale, the 
equipment, the radioisotopes, the surgical 
procedure, and the radiotherapeutic pro- 
cedure are presented in this paper. 

Krom January, 1957 to December, 1960, 
we have used this technique in 50 patients 
and have encountered no serious problems 
or complications. It has proved to be a sim- 
ple and economic method. In these re- 
spects, our technique appears to be supe- 
rior to surgical resection of the internal 
mammary chain and to postoperative 
roentgen therapy. 

The key question for the future role of 
this technique in the management of breast 
cancer is, of course, “How do the results 
compare with surgical resection and roent- 
gen therapy?” Our series is too small to 
permit an answer to this question. With 
a § year survival rate of 34 per cent for 
patients with internal mammary lymph 
node metastases and an incidence of 30 per 
cent, not more than an over-all improve- 
ment of 10 per cent (34 per cent of 30 per 
cent) in the § year survival rate can be 
expected from any method which attacks 
metastases in the internal mammary lymph 
nodes. Most likely, there are only small 
differences in the effectiveness of various 
methods. Only a large and well-controlled 
clinical study can, therefore, demonstrate 
significant results. Ideally, in such a study, 
patients should be randomly assigned to 
one of four groups: surgical resection, roent- 
gen therapy, the technique here described, 
and no treatment. 

* According to the new anatomic nomenciature (Paris Nomina 


Anatomica 1955), the internal mammary artery is called the 
internal thoracic artery. 


Presented at the Forty-first Annual Meeting of the American Radium Society, Hot Springs, Virginia, April 6-8, 199. 


849 


Richard D. Brasfield and Ulrich K. Henschke 


May, 1961 


TABLE I 


FREQUENCY OF LYMPH NODE METASTASES IN BREAST CANCER 


Positive Positive 


All Lymph | Positive Axil- Internal Axillary 
Author No. of Cases Nodes lary Lymph Mammary + Internal 
Negative Nodes Only [Lymph Nodes Mammary oh Nod 
Only Lymph Nodes | “Y™P7 *vodes 
Handley® 300 lol = 33% 102 = 34% 1g =6% 78 = 26% 97 = 32% 
Bucalossi and 
Veronesi® 100 33=33% 41=41% 25=25% 26= 26% 
Caceres' 238 89 = 37% 97=41% 20=9% 32=13% §2=22% 
Urban!” 300 133=45% 61 =20% 23=8% 83=28% 106 = 35% 
Total 938 356 = 38% 301 = 32% 63=7% 218=23% 281 = 30% 
FREQUENCY OF METASTASES TO THE site of the breast cancer. Central lesions 


INTERNAL MAMMARY 
NODES IN 


LYMPH 
BREAST CANCER 

Table 1 gives the frequency of metastases 
to the internal mammary lymph nodes in 
patients with breast cancer, as reported by 
Handley,’ Bucalossi and Veronesi,® Ca- 
ceres,* and Urban'® at the Seventh Inter- 
national Cancer Congress in London, 1958. 
From these figures we have calculated the 
totals given in the last line of Table 1: 
among 938 patients, 281 (30 per cent) had 
lymph node metastases in the internal 
mammary lymph nodes. The individual 
reports range from 22 per cent to 35 per 
cent. 

In Tables 1 and ur the corresponding 
figures are given from the same sources but 
are broken down according to the primary 


and the few cases in which the entire breast 
is involved are included under inner quad- 
rant lesions. The totals computed by us 
show that, with outer quadrant lesions 
(Table 11), 20 per cent of all patients have 
internal mammary lymph node metas- 
tases. With inner quadrant tumors (Table 
111), this figure rises to 36 per cent. 

In Table tv we have assembled the 
available statistics on the frequency of 
metastases to the various interspaces. The 
figures are compiled from the same sources 
as the preceding tables, with the addition 
of the data of Margottini.* The second 
interspace is most frequently involved ex- 
cept in Caceres’ series, in which the first 
interspace is more frequently involved than 
the second. Caceres feels that this is attrib- 


TABLE II 


FREQUENCY OF LYMPH NODE METASTASES IN OUTER QUADRANTS BREAST CARCINOMAS 


All Lymph 
Nodes 
Negative 


Author No. of Cases 


Handley® 148 §2= 35% 
Caceres‘ 115 39 = 34% 
Urban!° 26 6=23% 


Total 


Positive Positive 


os Te otal Fositive 
~ a 
_ymp Mammary 


Nodes Only 


Nodes Only Lymph Nodes Lymph Nodes 


65 44% 3 phd /, 25= 19% 
58=50% 16=14% 2= 2% 18 = 16% 

O= 30% 35 1O= 


850 
| 259g 97 = 33% 133 = 46% 20=> q 39 = 14 ( $9 =20 ( 
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FREQUENCY OF LYMPH NODE METASTASES IN INNER QUADRANTS-+CENTRAL AREA 
(+ WHOLE BREAST) CARCINOMAS 


Positive 
Positive 


Positive 
Total Positive 


| All Lymph Axill Internal Axillary “a 
Axillary nterna 
Author iNo. of Cases Nodes Mammary + Internal MI 
Mammary 
Negative Nod Lymph Mammary aN 
odes | Nodes Only | Lymph Nodes | “Y™ 

Handley® 152 49 = 32% 37=25% 16=10% 50= 33% 66=43% 
Caceres' 123 50=40% 39 = 32% 4= 3% 30=25% 34 = 28% 
Urban!? 274 127 = 46% 51=19% 22= 8% 96=35% 
Total 549 226=41% 127=23% 42= 89 154=28% 196 = 36% 


utable to a more complete excision of the 
tissues in the first interspace, which he 
achieves by resection of the lower half of 
the first rib. 


CURABILITY OF PATIENTS WITH METAS- 
TASES TO THE INTERNAL MAMMARY 
LYMPH NODES 

Table v shows the § year cure and survi- 
val rates of patients with breast cancer 
according to involvement of the various 
lymph node areas, which we have compiled 
from the same sources as the previous 
tables. 

Handley’ gave deep roentgen therapy to 
those patients in whom positive internal 
mammary lymph nodes were found on 
biopsy, while Bucalossi and Veronesi,’ and 
Urban" used resection of the internal mam- 
mary area. The results show a significant 
difference only when both the axillary and 
the internal mammary lymph nodes are 


involved. Urban’s results with his radical! 
procedure in this situation are much better 
than those of Handley with roentgen ther- 
apy and of Bucalossi and Veronesi with a 
more limited surgical attack. 

The survival and cure rates of patients 
with metastases to the internal mammary 
lymph nodes are lower than those of pa- 
tients with axillary involvement. However, 
the figures make it clear that involvement 
of the internal mammary lymph _ nodes 
does not make the prognosis hopeless. 

The location of the nodes within each 
lymph node drainage area greatly influences 
the prognosis. In Urban’s patients, only 
2/9 (17 per cent) survived § years if nodes 
were present in the first interspace or in the 
apex of the axilla. If nodes were not found 
in these areas, the 5 vear survival rate of 
patients with positive internal mammary 
lymph nodes was much better, namely, 
6/8 (75 per cent).!° 


TaBLe IV 


FREQUENCY OF INTERNAL MAMMARY 


LYMPH NODE 


METASTASES IN VARIOUS INTERSPACES 


Interspace 


| 
1 N » O 
Author C. 
I I] IV \ 
Caceres! $2 35 =67% 27= 52% 14= 279 3= 6% 
Urban'? 100 47=477 63=63% 26= 26% 5=5% 
Margottini® 80 41=51% $6=70% 23= 29% 
Total | 232 | 123=53% 146=63% 92= 40% 29 = 19% 
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TABLE VI 


POSITION OF 


325 INTERNAL MAMMARY LYMPH NODES IN 50 AUTOPSIES 


(From studies with Ranes Chakravorty) 


Distance from Artery 


Number of Lymph Nodes and Per Cent 


Oo -0.5 cm. 79= 247% 282= 879 
0.§-I.0 cm. 203= 63% } | 
1.0-1.5 cm. 33= 10% 33= 10% 
1.5-2.0 cm. 6= 1.8% lo= 3% 
Ove 5 ~ 07 
ver 2.0 cm. 4= 1.2% 
| 325 = 100 32§ =100 325 = 100 
Interspace Number of Lymph Nodes and Per Cent 
4 +O7 
I Q= 24-37% 
II | 108= 33.2% 
+ 2 OF 
74= 22.89 
IV | 10.5% 
oF 
\ 
( 
325 = 100% 


RATIONALE OF INTRAVASCULAR IRRADIA- 
TION OF THE INTERNAL MAMMARY 
LYMPH NODES 

Experience with resection of the internal 
mammary lymph nodes has shown that 
most lymph node metastases are small and 
lie close to the artery. Furthermore, the 
smaller the nodes are, the better the cure 
rates appear to be." 

To gain more information on the location 
of the internal mammary lymph nodes we 
carried out, together with Ranes Chakra- 
vorty, careful dissections of the internal 
mammary lymph nodes in 50 autopsies. 
There were 325 lymph nodes found, 179 on 
the right and 146 on the left. As Table vr 
shows, 87 per cent of all lymph nodes lie 
within 1.0 cm. of the artery and 97 per cent 
within 1.5 cm. Most lymph nodes were 
found in the second interspace. 

On the basis of the figures given in Tables 
I-v, we feel that better results might be 
achieved with irradiation if it were con- 
centrated to the area around the artery, 
where most lymph nodes are located. This 
would make it possible to deliver a much 


higher dose than with roentgen therapy. It 
is a well-documented principle in radiation 
therapy that smaller volumes tolerate 
higher doses. 

After many attempts with various types 
of interstitial implants of the internal mam- 
mary lymph node area, we developed a 
technique in which radioactive sources in a 
nylon catheter are inserted into the internal 
mammary artery. The internal mammary 
artery has to be ligated for this purpose. 
This is a harmless procedure, as has been 
shown by the many bilateral ligations of 
the internal mammary arteries for the 
treatment of coronary insufficiency. 

In the beginning of our work, we inserted 
radioactive sources in nylon tubes directly 
into the internal mammary artery at the 
time of mastectomy.* As the next step, 
we adapted the technique for afterloading, 
which has shown distinct merits in other 
radioisotope applications.®.” If afterloading 
is used, neither radiologist nor radiation 

* Small Ir! sources in nylon tubes, commercially available as 
“Triditope Ribbons for Removable Interstitial Implant Therapy” 


from E. R. Squibb and Sons, New Brunswick, N. J., are suitable 
for this purpose. 
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physicist is required during the surgical 
procedure, since the radioactive wire is in- 
serted at a later time. The surgeon intro- 
duces only an empty nylon tube into the 
internal mammary artery at the time of the 
mastectomy. After the patient has been 
returned to her room, the radiation thera- 
pist introduces the radioactive wire into 
the nylon tube, where it remains for § to 8 
days, until the desired dose has been de- 
livered. This arrangement not only avoids 
all radiation problems in the operating 
room, 
labor.* 

On the basis of our experience with inter- 
stitial implants and of studies in dogs, we 
concluded that a wire 15 cm. long with a 
total activity of 15 mg. radium equivalent 
(=10 mc or 22.5 me could be left 
in place for 7 days. This yields approxi- 
mately 2,500 mg. hr. radium equivalent and 
this dose has been used in most patients 
treated to date. 

With this dose we had no early or late 
complications 1n $0 cases treated since Jan- 
uary, 1957. In some patients erythema de- 
veloped on the skin overlying the internal 
mammary artery, but it subsided without 
sequelae. It might be possible to give much 
higher doses with our technique. In dogs, 
when we used doses three to five times 
higher, one year of observation showed no 
ill effects. 

Table vu shows the doses in r at various 
distances from the artery for 2,500 mg. hr. 
radium equivalent. They are based on cal- 
culations by H. Lechtman and on measure- 
ments by R. Garrett and E. Holodny of the 
Physics Department of the Memorial Hos- 
pital. The figures show that, up to I cm., 
higher doses are delivered with our tech- 
nique than with roentgen therapy. For 
small nodes close to the artery, our doses 
are several times higher than those with 
roentgen therapy. If it is assumed that 
patients with small lymph nodes lying close 


* Equipment and sources for the afterloading technique are 
not yet available commercially but the necessary nylon tubing 
and encapsulated (but not activated) cobalt or iridium wires can 
be obtained from the authors. 
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TaBLe VII 


DOSES IN r FOR 2,500 mg. hr. 
RADIUM EQUIVALENT 


Distance from Artery 


Tissue Dose in 
(cm.) 


OO 


OAD 


to the artery have the best chances for cure, 
our technique might be more effective than 
roentgen therapy for patients with internal 
mammary lymph node metastases. 

If a well-controlled study could demon- 
strate that the results with our technique 
were better or at least as good as those with 
roentgen therapy . and were comparable to 
those of surgical resection, our technique 
would have many points to recommend it: 
Compared with chest wall resection, our 
technique takes only 5 to 10 additional 
minutes during the radical mastectomy; it 
is so simple that every surgeon can do it 
without special training; and it does not 
increase morbidity or mortality. Compared 
with roentgen therapy, our technique per- 
mits completion of the treatment while the 
patient is in the hospital for postoperative 

care, thus avoiding the time and expense 
involved in the postoperative course of 
roentgen therapy. Skin reaction and lung 
fibrosis are negligible with our technique, 
whereas, with conventional roentgen ther- 
apy techniques, late skin and lung changes 
are frequently observed. 


EQUIPMENT 
Figure 1 (Plate 1) shows a drawing of the 
radioactive source and of the nylon catheter 
for implantation of the internal mammary 
artery using the afterloading technique. 
The radioactive source is enclosed in one 
end of a 20 cm. stainless steel tube. The 
dimensions of this surrounding stainless 
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PLATE I 


Fic. 1. Drawing showing radioactive source (solid black bar) enclosed in a stainless steel tube (left) and the 
nylon catheter (right). 

hic. 2. Surgical Procedure. Insertion of the empty nylon catheter into the internal mammary artery after 
completion of the radical mastectomy. 

l'iG. 3. Radiotherapeutic Procedure. Introduction of the radioactive source into the previously inserted nylon 
catheter. 

Fic. 4. Composite drawing showing the position of radioactive sources in the internal mammary artery in 
the first 33 applications. 
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steel tube are: inside diameter, 0.15 mm. 
(0.006 inch) and outside diameter, 0.35 
mm. (0.014 inch). This is the size of a 
number 28 gauge catheter. An enclosure is 
necessary for most isotopes in order to 
decrease the beta radiation and to prevent 
contamination by superficial contact with 
the source. The end of the stainless steel 
tube which does not contain the active wire 
has a short bend, which ensures that the 
tube is introduced correctly. The radioac- 
tive source itself consists of a radioactive 
wire 15 cm. long, which has a diameter of 
only 0.125 mm. (0.005 inch), the same size 
as a No. 31 catheter. 

The nylon catheter has an over-all length 
of 20 cm. and is made from nylon tubing of 
1.2 mm. (0.048 inch) outside diameter 
and a wall thickness of 0.2 mm. (0.008 
inch). This nylon tubing is pulled down 
over a 27 gauge stainless steel tube for a 
length of 15 cm. to an inside diameter of 
0. mm. (0.020 inch). This results in an 
outside diameter of 0.75 mm. (0.030 
inch), which is the diameter of a 21 gauge 
catheter and which, in our experience, is 
small enough to fit into the internal mam- 
mary artery of every patient subjected to a 
radical mastectomy. The 5 cm. of nylon 
catheter remaining outside of the internal 
mammary artery has its original diameter, 
which is 1.2 mm. (0.048 inch), the size of 
an 18 gauge catheter. The smaller end of 
the nylon catheter is sealed by heat. It is 
essential that the seal be complete, other- 
wise blood may enter the tube, thus pre- 
venting insertion of the wire and also open- 
ing a possible road for infection. We have 
obtained the best seal by applying the heat 
from a match. This seal withstands auto- 
claving. 


RADIOISOTOPES 


Table vu lists the radioisotopes which 
appear to be most convenient for this tech- 
nique. The radiation data are taken from 
the latest Table of Isotopes of Strominger, 
Hollander, and Seaborg.’ Co® has the ad- 
vantage of a long half life of 5.24 years, 


which necessitates a correction for decay 
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of only 1 per cent per month. Its disadvan- 
tage is the relatively hard radiation, which 
requires a thick-walled lead container. Ir!” 
is more easily shielded but its short half 
life of 74.4 days makes a new wire necessary 
every month. The same is true for Ta'®, 
which has no advantage over cobalt, since 
the shielding problem is the same. The best 
choice, in our opinion, lies, therefore, be- 
tween and Initially, we used Ir!” 
wires because iridium, with its greater neu- 
tron cross-section, can be made radioactive 
in the atomic reactor in 3 days, while cobalt 
needs as many weeks. After we had estab- 
lished the most suitable dimensions for the 
radioactive wires, we used mainly Co®’. We 
also tried to obtain a Cs'* source, which 
has more suitable radiation characteristics 
than all other isotopes. However, at the 
present time, Cs!** sources are not available 
in the dimensions required for our tech- 
nique. 
SURGICAL PROCEDURE 

Figure 2 (Plate 1) illustrates the surgical 
procedure. 

Step z. After the breast has been re- 
moved, a small transverse incision is made 
in the first intercostal space on the side of 
the mastectomy. The internal mammary 
vessels are exposed without entering the 
pleural cavity. This requires only a few 
moments of blunt dissection with a sponge. 
The artery is identified and two sutures of 
oo silk are passed around it and pulled in 
opposite directions. The upper suture is 
then used to ligate the internal mammary 
artery as close as possible to the first rib. If 
lymph nodes are encountered, they are 
taken out for histologic studies. If no gross 
nodes are present, the fat pad in this area 
is used for histologic studies. 

Step 2. A small transverse slit is made 
with a knife in the artery just below the 
upper ligature. Minimal retrograde bleed- 
ing usually occurs at this point. The nylon 
catheter, which is kept sterile and ready for 
use at any time in the operating room, 1s 
then inserted into the slit of the internal 
mammary artery and threaded down for a 
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RADIOISOTOPES FOR INTRAVASCULAR IRRADIATION OF THE INTERNAL MAMMARY ARTERY IN BREAST CANCER 


Gamma 


adiois xe | Symb alf Life . 
Radioisotope ymbol | Half Life “paw 
| » | 
Cobalt 60 | Co | §.24yr.} 1.17 and 

| 1.33 mev. 
Iridium | Ir’ | 74.4 da.| 0.26- 


0.61 mev.* 


Tantalum 182 0.07 


| | 1.22 mev.*| 


Cesium 137 | | 26.6 yr. | 0.66 mev. 


| 0.51 mev. | Powder 


Beta | 


Irradia- 


StateT | Production |,- 
Maximum tion Timeft 
0.31 mev. | 50% cobalt al- | Neutron | 24 days 

loy metal wire capture 
0.67 mev. | 30° 
loy metal wire capture 


| 


0.51 mev. | Tantalum metal | Neutron 


> iridium al- | Neutron | 3 days 
| 


wire capture 


| 
Fission 


* | ines which contribute less than 10) to the gamma dose are not listed. 


+ Wires used by us have a diameter of 0.125 mm. 
diameter of 0.35 mm. (0.014 inch), 


5 inch) and are enclosed in a No. 28 gauge stainless steel tube with outer 


t To produce an activity of 1 mg. radium equivalent per cm. by exposure to a neutron flux of 1.3X 10! nv per cm.? per second. 


length of 15 cm. to the flange of the nylon 
tube. This should be possible without ex- 
erting force. Any resistance is usually 
caused by the end of the nylon catheter 
being caught in one of the branches of the 
artery. In this case, the nylon catheter 
should be retracted, rotated, and gently 
advanced again. The lower ligature is then 
tied around the artery and the nylon cath- 
eter below the slit in the artery. 

Step 3. The cephalad end of the nylon 
catheter is brought out through the skin 
via a hypodermic needle or through an in- 
cision. It is important to place the needle in 
the right position. At least 1 cm. of the 
nylon catheter should be outside of the 
skin. The distance between the point of 
emergence of the nylon catheter in the first 
interspace and the point of emergence from 
the skin should be approximately 4 cm. 
The proper point is selected after the mas- 
tectomy incision has been temporarily ap- 
proximated. It is important that the nylon 
tube not be bent sharply. 

Step 4. The nylon catheter is anchored 
to the skin by a special stainless steel but- 
ton secured to the skin by a silk suture. 
Proper anchoring of the nylon tube is im- 
portant because the nylon catheter easily 
slips in or might be pulled out inadvertently 
by the patient or by an attendant. Most of 


our minor problems with this technique 
were due to poor anchoring of the nylon 
tube to the skin. 

In a few cases, bilateral implantation 
into the internal mammary arteries and 
implantation into the artery and vein on 
the same side have been carried out. The 
latter procedure appears useful if the vein 
is large enough. 


RADIOTHERAPEUTIC PROCEDURE 


Figure 3 (Plate 1) illustrates the radio- 
therapeutic procedure. 

Step 7. Roentgenograms. If these are de- 
sired, they can be taken with a No. 30 wire 
suture in the tube. This avoids radiation 
exposure in the diagnostic radiology de- 
partment. Figure 4 shows the positions of 
such wires in 33 applications. The consider- 
able variation in the position of the internal 
mammary artery is evident. This makes a 
rather wide field necessary when roentgen 
irradiation is employed for treatment of the 
internal mammary chain. 

Step 2. Insertion of the Radioactive 
Source. This is usually done on the day 
following the radical mastectomy. The 
separate bandage over the nylon catheter is 
taken off. The radioactive wire is removed 
from the lead container by clasping its top 
with a forceps; it is grasped near the lower 
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end with another forceps, as shown in Fig- 
ure 3. In this way it is steadied and can be 
threaded easily into the nylon catheter. It 
is pushed down till it comes to a stop against 
the bend. The radioactive wire is then 
secured to the nylon tube with a small 
piece of adhesive tape. 

Step 3. Calculation. If 2,500 mg. hr. ra- 
dium equivalent is chosen as the standard 
dose, the application time in hours can be 
simply calculated by dividing 2,500 by the 
total activity of the source. If, for example, 
the activity of the source is 20 mg. radium 
equivalent, the time is 2,500 mg. hr. ra- 
dium equivalent: 20 mg. radium equivalent 
=125 hours=s5 days and 5 hours. The 
activity of a Co" source decreases by about 
1 per cent per month due to decay. This is 
most easily taken into account by prepar- 
ing a table which shows the total time re- 
quired to give the desired dose of 2,500 mg. 
hr. radium equivalent for each month. 

Step 4. Removal. After the calculated 
time has passed, the radioactive source is 
pulled out with a long dressing forceps 
and is returned to the lead safe. The nylon 
catheter is then removed; this can be done 
by the surgeon at his convenience. 


SUMMARY 


1. Review of the work of Handley,’ Ur- 
ban,!® Margottini,* Caceres,! and Buca- 
lossi and Veronesi® showed that 30 per cent 
of the total number of their patients with 
breast cancer had metastases in the internal 
mammary lymph nodes. For outer quad- 
rant lesions the figure was 20 per cent and 
for inner quadrant lesions, 36 per cent. 
The second interspace was the most fre- 
quent site of metastases, with 63 per cent. 
Of patients with metastases to the internal 
mammary lymph nodes, 34 per cent sur- 
vived § years after surgical resection of the 
internal mammary chain. 

2. A technique has been developed which 
permits radiation doses to lymph nodes 
close to the internal mammary artery: 
which are higher than those delivered by 
conventional external roentgen therapy: A 
small, empty nylon catheter is introduced 
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into the internal mammary artery at the 
time of radical mastectomy. On the next 
day, a radioactive wire is inserted into the 
nylon tube and left in place for 4 to 8 
days. A dose of 9,000 r can be delivered at a 
distance of 0.5 cm., and of 4,200 r at a 
distance of 1.0 cm. Autopsy studies dis- 
closed that 87 per cent of all lymph nodes 
lay within 1 cm. of the internal mammary 
artery. Co’ appears at present to be the 
most suitable isotope owing to its long 
half life. 

3. The surgical procedure (insertion of 
the nylon catheter) adds only a few minutes 
to the time required for radical mastectomy. 
The radiotherapeutic procedure (insertion 
of the radioactive wire) can be done within 
a few minutes at any convenient time, 
without significant radiation exposure. The 
procedure is simpler, more economical, and 
produces less morbidity than surgical re- 
section or roentgen therapy of the internal 
mammary chain. 

4. Since January, 1957, we have treated 
$0 patients without complications. 

5. A well-controlled clinical study will be 
required to evaluate the efficacy of this pro- 
cedure. 


Ulrich kK. Henschke, M.D. 
Memorial Center 

444 East 68th Street 

New York 21, New York 
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TREATMENT OF LOCALLY ADVANCED CARCINOMA 
OF THE BREAST WITH ROENTGEN THERAPY 
AND SIMPLE MASTECTOMY* 


By HAROLD L. ATKINS, M.D., and W. DONALD HORRIGAN, M.D.t 


NEW YORK, NEW YORK 


HE application of strict criteria of 

operability to patients presenting with 
carcinoma of the breast results in a sig- 
nificant percentage found unsuitable for 
radical mastectomy. The Haagensen‘ clini- 
cal criteria of operability as well as the 
triple biopsy are used at the Presbyterian 
Hospital in New York City to determine 
the suitability of patients for radical mas- 
tectomy. The triple biopsy consists of 
biopsy of the primary tumor, the apex of 
the axilla and the internal mammary lymph 
nodes of the first three intercostal spaces. 
If the highest axillary or internal mammary 
lymph nodes are found to be involved with 
tumor, radical mastectomy is not  per- 
formed. A positive supraclavicular lymph 
node also places the patient in the inoper- 
able category. 

On the basis of clinical examination 
alone, it has been found that 74.4 per cent 
of breast cancer patients are in the operable 
group. However, after biopsy of the 
regional lymph node filter, the operability 
rate is reduced to 50.6 per cent.° Conse- 
quently, there is referred to the Presby- 
terian Hospital Radiotherapy Department 
for primary treatment of this disease a 
considerable number of patients who might 
be classified as operable in institutions 
where the strict application of Haagensen’s 
criteria and the triple biopsy are not em- 
ployed. 


METHOD 


Some radiotherapists have recommended 
that a simple mastectomy be done when the 
breast is large and the lesion is in a favor- 
able position, in order to facilitate roentgen 
therapy. However, this has not been a 

Surgeons. 
} Trainee, National Cancer Institute. 
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standard procedure in this institution since 
it is considered that, in some patients, 
simple mastectomy is not feasible. In eval- 
uating various methods of therapy for the 
inoperable breast, this factor necessarily 
introduces an unavoidable bias in that the 
groups are not strictly comparable. 

Since 1950 there has been a relatively 
uniform plan of therapy for the inoperable 
patients. The McWhirter®’ technique of 
treating the chest wall (and breast when 
mastectomy has not been done) through 
opposing tangential portals has been used. 
The lateral limit of the irradiated volume is 
at the posterior axillary line and the medial 
limit is usually 2-3 cm. on the contralateral 
side of the midline so as to include the 
ipsilateral internal mammary lymph node 
chain. When the patient is large, the in- 
ternal mammary lymph nodes are treated 
by a separate en face portal. The supra- 
clavicular and axillary regions are included 
in Opposing anteroposterior portals. The 
total amount of radiation delivered is deter- 
mined by skin tolerance, usually 4,250 r in 
three weeks. Recently we have changed our 
plan of therapy so as to deliver to the skin 
4,250 rin four weeks, although certain var- 
iations were made in this plan in order to 
fit particular situations. Radiation was 
delivered by the 250 kv. unit with a half 
value layer of 1.5 mm. of copper. 

When the 22.5 mev. betatron was ac- 
quired for clinical use in 1955, an increasing 
number of patients was treated with that 
unit. Because of an apparent biologic dif- 
ference in the behavior of the skin at this 
energy level, as well as the ease in achieving 
a homogeneous distribution of radiation, 
the dose was increased to 5,000 r in four 
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weeks with the same tangential fields as 
those used with the 250 kv. unit. A single 
anterior field is sufficient to achieve the 
desired supraclavicular dose. Lucite and 
water boli are used when indicated. 
RESULTS 

We have been interested in reviewing our 
experience since 1950 in order to determine 
the results of radiation treatment in those 
patients who cannot be cured by the stand- 
ard radical mastectomy. We also wish to 
determine the ability of radiation to con- 
trol the local disease. It is obvious that, in 
a very large number of these patients, sub- 
clinical spread has already occurred which 


will result in metastases beyond the field of 


local irradiation. 

Our patients fall into two main groups: 
those treated initially by simple mastec- 
tomy followed by postoperative roentgen 
therapy and those treated by roentgen 
therapy alone. Within these two groups, a 
further subdivision can be made according 
to the energy level of the radiation used. 
Patients were evaluated for three and five 
vear survivals, for the percentage with local 
recurrence or persistence, and for the 
complications atrributable to radiation. 


SURVIVAL 


A total of 79 patients is included in this 
review (Table 1). Of this group, 43 have 
been followed for five years, and g of the 
43 have survived for five years or longer, 
a five year survival rate of 20.9 per cent 
(9/43). Three patients in this group were 
considered inoperable for medical rather 
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than clinical reasons. Two of these patients 
survived five years. If these cases are elimi- 
nated from the totals, the survival rate is 
17.5 per cent (7/40). It is interesting to 
note that these 3 patients were treated by 
simple mastectomy and postoperative 250 
kv. roentgen therapy. 

A larger number of patients is available 
for three year survival statistics. Sixty-two 
patients were treated three or more years 
ago; 23 survived three years or longer, a 
three year survival rate of 37 per cent 
(23/62). Elimination of the 4 operable pa- 
tients in this group results in a corrected 
three year survival rate of 32.8 per cent 
(19/58). 

In analyzing the survivals, a marked dif- 
ference is found between those patients who 
were treated by roentgen therapy only and 
those patients who had simple mastectomy 
followed by roentgen therapy (Table 1). 
The three year survival rate for patients 
having roentgen therapy only is 31.7 per 
cent (13/41) and the five year survival 
rate is 10.7 per cent (3/28). Patients under- 
going simple mastectomy followed by post- 
operative roentgen therapy have done con- 
siderably better. The survival rate for these 
patients at three years is 47.6 per cent 
(10/21) and at five years, 33.3 per cent 
(4/12). 

The difference in survival between the 
two groups appears to be significant, al- 
though one would hesitate to subject these 
heterogeneous groups to statistical analysis. 
It must be borne in mind that the patients 
submitted to simple mastectomy are not 
strictly comparable to the nonoperated 


TABLE I 


INOPERABLE CARCINOMA OF THE BREAST 
OVER-ALL SURVIVAL AT PRESBYTERIAN HOSPITAL, I950 1960 


A verage Age 


Total No. of Cases "9 $3.1 


Three Year Survival Five Year Survival 


No. of Cases Per Cent No. of Cases Per Cent 
23/62 Kye 9/ 43 20.9 
19/53 32.38 7/40 


Corrected Figures* 


* Totals after the elimination of cases which were inoperable for medical reasons. 
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TABLE II 


INOPERABLE CARCINOMA OF THE BREAST 
COMPARISON OF SURVIVALS AT PRESBYTERIAN HOSPITAL, 1950 1960 


Treatment 


Cases Age 

Roentgen Therapy Only 56 $3.6 
Simple Mastectomy plus 

Roentgen Therapy 23 


patients. Thus, significant analysis cannot 
be achieved. 


LOCAL RECURRENCE RATE 

The local recurrence rate is based on all 
patients surviving three or more years or 
demonstrating recurrence before three 
years. Local persistence or recurrence often 
is dificult to establish, and differentiation 
of fibrosis and scar tissue from tumor is not 
always readily accomplished. 

There is a notable difference in the 
rate of local recurrence or persistence be- 
tween the two groups (Table 111). In those 
patients submitted to simple mastectomy 
followed by roentgen therapy, it is 16.7 per 
cent (2/12); in patients treated with roent- 
gen therapy only, it is 87 per cent (34/39). 
The primary tumor in many instances 
shrank or disappeared only to become ac- 
tive at a later time. 

By reviewing the clinical status prior to 


TABLE III 


INOPERABLE CARCINOMA OF THE BREAST 
LOCAL RECURRENCE AND COMPLICATIONS AT PRESBYTERIAN HOSPITAL, 1950 1960 


No. of Cases 


Roentgen Therapy Only (a)* 17/20 


/ 


17/19 
Total 34/39 


Simple Mastectomy plus 
Roentgen Therapy 2/12 


Local Recurrence Complications 
Per Cone _ No. of Cases | Per Cent 
85 
89.5 
87.2 3/56 5.4 
16.7 7/19 37-0 


* Could have had simple mastectomy but did not. 
} Unsuitable for simple mastectomy. 
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No. of Average 


Three Year Survival Five Year Survival 


No. of Cases Per Cent No. of Cases Per Cent | 


13/41 259 3/28 10.7 


10/21 47.6 4/12 33.3 


the institution of therapy, an attempt was 
made to determine which of those patients 
who did not have simple mastectomy could 
have had such an operation. Of the 56 
patients who were treated with roentgen 
therapy only, 30 probably could have had 
a simple mastectomy. Of these 30, 17 had 
local recurrence (56.8 per cent). Of the 
who did not have local recurrence, only : 
have survived three years or more. There- 
fore, the adjusted local recurrence rate is 
85 per cent. It thus seems likely that this 
rate could have been reduced had a simple 
mastectomy been performed. 


Jd 
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COMPLICATIONS 
Complications have been of little clinical 
significance and have consisted primarily of 
radiation pneumonitis with the subsequent 
development of pulmonary fibrosis. In the 
majority of cases, this was asymptomatic. 
One case of skin necrosis was noted with 
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TaB_Le IV 


INOPERABLE CARCINOMA OF THE BREAST 
COMPARISON OF SURVIVALS FOR INVESTIGATORS USING VARIOUS METHODS 


Three Year Survival Five Year Survival 


Method Investigator Nn ol Per Per 

Cases Cent Cases Cent 

Radical Mastectomy Atkins! 7/43 16.2 
Roentgen Therapy Only Nohrman® 7/123 Ceo, 1/123 0.8 
Roentgen Therapy Only Baclesse? 39/117 33.3 7/48 14.6 
Roentgen Therapy Only Present study 13/4! 31.7 3/28 10.7 
Simple Mastectomy plus Roentgen Therapy Present study 10/21 47.6 4/12 33.3 
Simple Mastectomy plus Roentgen Therapy McWhirter? 162/546 29.7 


eventual healing. The difference in the 
incidence of complications between the 
group submitted to simple mastectomy 
followed by roentgen therapy (37 per cent) 
and those patients treated with roentgen 
therapy only (5.4 per cent) is difficult to 
explain (Table m1). Since the radiation 
pneumonitis was practically always con- 
fined to the upper lobe, it presumably was 
due to the radiation from the supraclavicu- 
lar portals. The dose in the two groups of 
patients should have been similar. 


DISCUSSION 


We have compared our survival figures 
with those obtained by others working in 
this field (Table 1v). Two fairly extensive 
studies are those of Atkins! and Me- 
Whirter.? Atkins has utilized radical mas- 
tectomy almost exclusively and has ex- 
tended this procedure to many patients 
who would be considered inoperable in our 
institution. Of his Stage 111 cases which fit 
into the group we are discussing, Atkins 
reports a 16 per cent five year survival. 
In McWhirter’s series of Stage 111 cases 
treated with simple mastectomy plus radia- 
tion, there was a 30 per cent five year sur- 
vival, 

In contrast to these results are the sur- 
vival figures given by Nohrman.* In his 
operable cases treated only with radiation, 
he had 31.3 per cent three year survivals 
and 12.5 per cent five year survivals. Of 


his inoperable cases treated with radiation 
only, he had 5.7 per cent three year sur- 
vivals and 0.8 per cent five year survivals. 
Baclesse’s? survival rate at five years for 
Stage I1I cases is 14.6 per cent for patients 
treated by roentgen therapy alone. 

As stated previously, comparison of the 
two groups (one treated by roentgen ther- 
apy only and one treated by mastectomy 
plus roentgen therapy) is difficult. How- 
ever, many patients are seen who have had 
a good initial response but who have re- 
growth of residual breast masses years after 
completion of roentgen therapy. The local 
situation then frequently becomes very dif- 
ficult and soon thereafter generalized dis- 
ease may develop. It is perhaps possible 
that the reactivation of disease is associated 
with a general decrease of tumor resistance 
by the host. Possibly, if all patients who 
were suitable had a simple mastectomy, 
the survival rate might improve. Certainly 
many of the problems associated with local 
disease would be decreased. 

A review of this material indicates that 
roentgen therapy alone is unable to control 
or eradicate the primary tumor in the 
majority of cases. This is a strong argu- 
ment in favor of simple mastectomy, either 
before or after roentgen therapy. Two of 
the patients treated within the past five 
vears with the betatron have subsequently 
had a simple mastectomy because of per- 
sistence of local disease. In one instance, 
the surgery was performed four years fol- 
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lowing the original irradiation, while, in the the patients who had both simple mastec- 
other instance, it was performed two years tomy and roentgen therapy. 
after roentgen therapy. In both patients, Atkins, M.D. 
no postoperative complications were noted — Pepartment of Radiology 
resulting from prior irradiation of the tis- Columbia-Presbyterian Medical Center 
sues. 622 West 168th Street 

The enhanced survival and lower local New York 32, New York 
recurrence rate following simple mastec- 
tomy and roentgen therapy seem to sub- 
stantiate McWhirter’s contention that the 

7 . Surgeons Edinburgh, 1956, 7, 253-267. 
lymph nodes — — sensitive to radia- 2. BACLESSE, F, Roentgen therapy as sole method of 
tion, while the primary tumor is more re- treatment of cancer of breast. Am. J. Roent- 
sistant. GENOL. & Rap. THERAPY, 1949, 62, 311-319. 
3. Garvanb, L. H. Treatment of cancer of breast; 
Carman lecture. Radiology, 1958, 70, 159-190. 

1. The three and five year survival rates 4. HAaGcensen, C. D. Diseases of the Breast. W. B. 

for inoperable carcinoma of the breast Saunders Co., Philadelphia, 1956. 


treated with roentgen therapy at the 5. HaaGensen, C. D. Personal communication. 
6. McWuirrTer, R. Treatment of cancer of breast 
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SOME CONSEQUENCES OF PUL- 
MONARY IRRADIATION* 


By GEORGE COOPER, Jr., M.D., JOHN L. GUERRANT, M.D., 
A. GARDNER HARDEN, M.D., and DAVID TEATES 


CHARLOTTESVILLE, VIRGINIA 


N NOVEMBER, 1921, a paper by 

Groover, Christie, and Merritt'? was 
read to the Section on Radiology of the 
Southern Medical Association, the chief 
purpose of which was to compare the clin- 
ically tried filter of 6-8 mm. of aluminum 
and the relatively new filter composed of 
0.5 mm. of copper superimposed on I mm. 
of aluminum. In the course of the discus- 
sion, they noted that in a number of their 
breast cancer patients an irritative cough 
accompanied the appearance of skin reac- 
tion, and that dyspnea and pulmonary 
changes demonstrable in roentgenograms 
often followed shortly thereafter. They ex- 
pressed the opinion that the rapidly spread- 
ing infiltration, which usually resolved, at 
least partially, and was followed by fibro- 
sis, represented an effect of radiation rather 
than, as had been generally assumed, me- 
tastases. They stated that, in view of the 
question they had raised, “‘it is at once ap- 
parent that it is of vital importance to de- 
termine the significance of these pulmonary 
phenomena.” Today that determination is 
still in process. 

It has long been recognized that the 
opinion offered in 1921 by Groover, Chris- 
tie, and Merritt was correct. Irradiation of 
pulmonary tissue produces a_ reaction 
which, if it is of sufficient intensity, 1s mani- 
fested in the roentgenogram as a hazy infil- 
tration in the acute stage, followed by 
varying degrees of resolution and transi- 
tion to fibrotic strands and loss of lung vol- 
ume. Sometimes pleuritis, with or without 
effusion, is an additional complication.'* 

The pathologic changes have been care- 
fully The acute reaction, 
which usually reaches its peak one to two 


months after irradiation, is characterized 
by degenerative and inflammatory changes 
consisting of a hyaline membrane adherent 
to the alveolar wall, hyalinization of al- 
veolar and arteriolar walls, edema of al- 
veoli and supporting elements, desquama- 
tion of alveolar cells, endothelial swelling 
and thrombosis in capillaries, and fibrosis 
in all tissues. Resolution is accompanied by 
further fibrosis, vascular obliteration, slight 
bronchial proliferation, sclerosis of con- 
necting tissue, and varying amounts of cal- 
cification. This process results in the loss of 
cilia, increased secretions, areas of atelec- 
tasis and compensatory emphysema, in- 
creased cellularity of the alveolar walls, 
congestion and edema, secondary infection, 
more fibrosis and atelactasis, and bron- 
chiectasis. 

The patient who survives the acute reac- 
tion is, at the least, less able to tolerate res- 
piratory infection, and may be severely 
crippled. 

The sequence of events is thoroughly un- 
pleasant, and the fear of inducing it hangs 
over and handicaps the radiologist when he 
must irradiate pulmonary tissue in order to 
treat a malignancy. 

Clinical experience has shown a poor 
prognostic correlation between symptoms, 
roentgenograms, and degree of pulmonary 
injury. There is, therefore, interest in de- 
termining whether physiologic evaluation 
of pulmonary function is useful in planning 
and carrying out a program involving ir- 
radiation of pulmonary tissue. 


REPORTS OF PULMONARY 
IRRADIATION INJURY 


In reviewing this subject, it quickly be- 


* From the Departments of Radiology and Internal Medicine, University of Virginia School of Medicine, Charlottesville, Virginia. 
Presented at the Sixty-First Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 
196 5. 
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comes apparent that the percentage of pa- 
tients in whom pulmonary injury is de- 
tected is in proportion to the care taken in 
the search. A thorough evaluation by Bate 
and Guttmann*® of 50 patients with carci- 
noma of the breast who had been treated 
with 2 mev. roentgen radiation detected 
evidence of injury in 40 patients. Available 
data!—!.13—%4 Jeaves no doubt that, if it is 
necessary to irradiate pulmonary tissue to 
treat a malignancy, lung damage of some 
degree is inescapable. Obviously, the radi- 
ologist must determine the dosage for an 
individual case by weighing the expected 
lung injury against the expected tumor in- 
jury. 

It is also obvious that the degree of in- 
jury is a measure of the biologic effect of 
the radiation, so that it depends, not just 
upon total dosage, but upon the rate of de- 
livery,®4 the quality of the radiation,®!!) 
and the volume of lung irradiated.*:*!! 

Furthermore, the deleterious effect of a 
given dosage as measured in rads depends 
upon the condition of the lungs before ir- 
radiation. Freid and Goldberg'® note that, 
in their experience, atherosclerosis in- 
creases risk. Some feel that the hazard in- 
creases with age,'* others disagree.'®!§ 
However, it would seem reasonable to ex- 
pect the pathologic effects of radiation in- 
jury to be tolerated less successfully by tis- 
sues in which the blood vessels have al- 
ready been altered by atherosclerosis and 
ageing. And as Warren” has pointed out, it 
would also seem reasonable to expect any 
pre-existing pulmonary pathology to in- 
crease risk because, in the patient with em- 
physema, bronchiectasis, atelectasis, lung 
infection, and pleural or pulmonary fibrosis, 
the inflammatory, degenerative, and fibrot- 
ic consequences of irradiation would ag- 
gravate the condition. 


METHOD AND MATERIAL 


From the foregoing, it is evident that so 
many variables are involved in an indi- 
vidual case that the radiologist cannot ex- 
pect exact treatment planning guides to be 
devised. In an effort to evaluate the useful- 
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ness of the procedure, we studied the 
physiologic function of the lungs before, 
during, and after pulmonary irradiation in- 
cident to treatment of carcinoma of the 
breast, lung, and several miscellaneous 
malignancies. At the same time, serial 
roentgenography and careful clinical esti- 
mation have been carried out. This study 
has been under way for fifteen months. The 
rapid deterioration of many lung cancer pa- 
tients, their physical inability to undergo 
the tests, and the unwillingness of a num- 
ber of others to do so, have combined to 
make the accumulation of data a slow 
process. During the fifteen months, two 
sets of tests have been obtained in 11 pa- 
tients and three or more in another 17. 
Wherever possible, the physiologic evalua- 
tion has consisted of three tests—timed 
vital capacity, maximum breathing capac- 
ity, and arterial oxygen percentage satura- 
tion. 

The first two tests evaluate ability to 
move air, the third measures alveoli-capil- 
lary diffusion capacity. These particular 
ways of estimating two aspects of pul- 
monary function were chosen because the 
equipment with which to perform them 
was available and because most patients 
can undergo them comfortably. For the 
benefit of those engaged in similar studies, 
the complete physiologic data in the 17 pa- 
tients who have had more than two sets of 
tests are presented in Table 1. 

The breast cancer patients received 
3,000-4,500 r tissue dose in three to five 
weeks at 3-5 cm. depth in the axillary, 
supraclavicular, and internal mammary 
lymph node regions. This was given with a 
Co® teletherapy unit. Using roentgen rays 
of a half value layer of 8.0 mm. Al, an ad- 
ditional dose of 2,000-2,500 r as measured 
in air was given to the chest wall. 

The lung cancer patients received 4,600-- 
5,800 r tumor dose in forty-two to sixty 
days. This was given with a Co" telether- 
apy unit. Evans’ has recently reported 
that protracting the course of radiation for 
sixty days results in minimal pulmonary 
radiation reaction. Unfortunately, how- 
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ever, when a patient is away from home 
and his means are limited or he is receiving 
welfare support, extra protraction may be 
economically impractical. 


DISCUSSION 


Reported experiences in 
chiefly in breast cancer patients, indicate 
that acute pulmonary radiation reaction is 
accompanied by decreased alveoli-capillary 
diffusion, but that the diffusion capacity 
returns nearly to normal as the reaction re- 
solves. They indicate that the maximum 
breathing capacity is usually moderately 
reduced, the vital capacity is sharply re- 
duced, and the disturbance in function is 
persistent. However, in 5 patients with 
bronchogenic carcinoma, Catterall and 
Ogilvie® noted an improvement in diffusion 
capacity, maximum breathing capacity, 
and vital capacity four months after ir- 
radiation. 

Concerning circulatory changes resulting 
from irradition of the lungs, reported ex- 
periences are conflicting. Right sided heart 
failure did not occur in any of the patients 
of Warren and Spencer;” Stone ef a/.'* de- 
scribed 1 case; Freid and Goldberg!® found 
hypertrophy and dilatation of the right 
heart in 6 of 8 patients with pulmonary 
radiation fibrosis who came to autopsy, 
though there was clinical evidence of right 
sided heart failure in only 3. 

Sweany ef have studied experi- 
mental pulmonary radiation injury of mod- 
erate severity in dogs. In the first few weeks 
after irradiation, they found no important 
changes in pulmonary physiology, but after 
six months there was a decrease in diffusion 
capacity, functional residual capacity, and 
lung compliance. Some of the animals devel- 
oped an increase in pulmonary vascular re- 
sistance, and in one instance the small pul- 
monary arteries were narrowed by endo- 
thelial proliferation. 

As yet, a large series of humans whose 
lungs have been irradiated has not been fol- 
lowed over a long period to determine the 
full effect upon pulmonary physiology. 
Therefore, this study will be continued. 


Irradiation 869 


The data to date permit some preliminary 
observations. 

Both the intensive irradiation of lung tis- 
sue incident to treatment of lung cancer 
and the moderate irradiation incident to 
treatment of breast cancer have so far been 
followed by no recognized right sided heart 
failure and by few important respiratory 
symptoms or infections, although all of the 
lung cancer patients and 5 of the 8 breast 
cancer patients developed radiation reac- 
tions of sufficient severity to be demon- 
strable in roentgenograms. In view of the 
seriousness of the diseases for which the 
treatments were given, the complications 
have been acceptable. 

The prompt recurrence and metastatic 
spread of most lung cancer lead to such 
rapid deterioration of its victims that the 
accumulation of data showing the long 
term effect of heavy irradiation upon pul- 
monary physiology must be a very slow 
process. Once recurrence has developed 
within the thorax, it is impossible to sepa- 
rate the physiologic disturbance due to dis- 
ease from that due to irradiation. 

In general, when the lungs were normal 
before irradiation, the severity of un- 
toward changes, whether measured by 
physiologic tests, clinical symptomatology, 
physical signs, or roentgenographic find- 
ings, was in proportion to the amount of 
radiation given to pulmonary tissue. 

When a lung was the site of a primary 
malignancy, if the growth was even mod- 
erately radiosensitive, the improved func- 
tion incident to its reduction usually more 
than compensated for the disturbance 
caused by the heavy irradiation, until the 
tumor resumed activity (Fig. 1, 4D). 

However, 2 patients, 1 with lung cancer 
and 1 with breast cancer, who had severe 
pulmonary abnormalities other than pri- 
mary malignancy, tolerated irradiation less 
successfully than the others. 


Case 1. A patient, J.D.B., had an epidermoid 
carcinoma of the bronchus and also severe 
asthma and emphysema with polycythemia 
vera, and generalized arteriosclerosis. The 
clinical picture, physical signs, vital capacity, 
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maximum breathing capacity, and arterial 
oxygen percentage saturation were all greatly 
improved at the completion of and three 
months after radiation therapy. This was no 
doubt due to relief of obstruction of the right 
upper lobe bronchus. But only six months after 


Fic. 1. C.C.C., a patient with a bronchogenic carcinoma of the right main stem bronchus, (4 and B) before 
irradiation, (C) three months after irradiation, and (D) nine months after irradiation. In spite of the severe 
pulmonary radiation reaction, the ventilatory capacity has improved steadily. The diffusion capacity was 
diminished three months after irradiation, but was back to the preradiation level six months after irradia- 
tion. Before irradiation, the patient had, among the other usual complaints, a severe cough and could 
climb one flight of stairs only with great difficulty because of shortness of breath. At three months after 
irradiation, the cough had disappeared and he could climb two flights of stairs with ease. At nine months 
after irradiation, the tumor has resumed activity and mild cough and shortness of breath have appeared. 


irradiation, the patient was back in the hos- 
pital with aggravation of his asthma and alarm- 
ing shortness of breath. The physical signs 
were the worst that had been recorded. The 
arterial oxygen percentage saturation was 
essentially unchanged but the vital capacity, 
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Pulmonary Irradiation 


Fic. 2. J.D.B., a patient with a bronchogenic carcinoma of the right upper lobe bronchus, asthma, emphy- 
sema, and generalized arteriosclerosis, (4) before irradiation and (B) eight months after irradiation. Al- 
though relief of the bronchial obstruction was prompt and the patient developed only a moderately severe 
pulmonary radiation reaction, and although the tumor has not yet resumed activity, the ventilatory 
capacity has been sharply reduced, the asthma is aggravated, and the shortness of breath is alarming. 


3.0 liters before irradiation and 3.5 liters after 
irradiation, was 2.4 liters. The maximum 
breathing capacity, 42.9 liters per minute be- 
fore and §7.3 liters per minute after irradiation, 
was 34.0 liters per minute. Yet serial chest 
roentgenograms showed only moderate changes 
(Fig. 2, 4 and B). The patient is alive ten 
months after irradiation, but in very poor con- 
dition, too poor for further study, although 
there is no obvious evidence that the tumor has 
resumed activity. 


Case 11. A patient, M.C.B., with infiltrating 
duct carcinoma of the right breast, also had 
generalized arteriosclerosis, hypertensive cardi- 
ovascular disease, aortic stenosis and regurgi- 
tation, left ventricular enlargement, and pul- 
monary congestion with patchy consolidation 
in the right base shown in the roentgenogram. 
At radical mastectomy, axillary metastases 
were discovered, and postoperative irradiation 
was administered to the supraclavicular and 
axillary regions, the right chest wall, and the 
internal mammary chain. Fourteen months 
later, she is free of detectable cancer, but her 
pulmonary situation has deteriorated steadily. 
The clinical picture shows no striking change, 
but the vital capacity has fallen from 12.6 liters 


to 7.7 liters, the maximum breathing capacity 
from 43.6 liters per minute to 30.0 liters per 
minute, and the arterial oxygen percentage 
saturation from 93-3 per cent to $9.8 per cent. 
Serial roentgenograms (Fig. 3, 4-C) show pro- 
gressive obscuration of the right base with 
spreading of the patchy consolidations. 


Irradiation of pulmonary tissue in a pa- 
tient who has a severe lung abnormality 
other than primary cancer should be cau- 
tious, and the total dosage modest. 

Furthermore, the radiologist should rec- 
ognize that, although it is possible to ir- 
radiate pulmonary tissue, normal or ab- 
normal, without inflicting injury of serious 
clinical significance, some damage is un- 
avoidable. In most patients considered free 
of injury, careful investigation will uncover 
it (Fig. 4, 4-C). In the rest, microscopic 
study of the irradiated lung would almost 
certainly reveal it. Every effort should be 
made to minimize incidental pulmonary ir- 
radiation. 

Routine physiologic tests add _ signifi- 
cantly to the accuracy of estimation of the 
effect of irradiation. They would seem to 
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be more sensitive indicators than the clin- 
ical symptomatology or the chest roent- 
genogram. The ventilatory function, as 
measured by the vital capacity and the 
maximum breathing capacity, was im- 
paired with regularity, and the impairment 
persisted or progressed as the acute radia- 
tion reaction subsided into the chronic 
phase. The diffusion capacity, as measured 
by arterial oxygen percentage satura- 
tion, usually was impaired during the 
acute phase and recovered as it subsided. 
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Fic. 3. M.C.B., a patient with infiltrating 
duct carcinoma of the right breast, general- 
ized arteriosclerosis, hypertensive cardio- 
vascular disease, aortic stenosis and regur- 
gitation, and pulmonary congestion, (4) af- 
ter radical mastectomy but before irradia- 
tion, (B) five months after irradiation, and 
(C) seven months after irradiation. Al- 
though the clinical symptomatology for- 
tunately is insignificant, the radiation reac- 
tion is unusually severe for the amount of 
radiation given and the ventilatory and dif- 
fusion capacities have been sharply reduced. 


Whether serial physiologic testing during 
irradiation will prove to be helpful in decid- 
ing the individual patient’s total dosage 
remains to be seen. 


SUMMARY 


1. The degenerative and fibrotic changes 
produced by irradiation in all tissues are of 
especial significance when they occur in tis- 
sues where their presence interferes with 
vital functions. One of those in which this 
happens is pulmonary tissue, irradiation in- 
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jury of which impairs the ventilatory and 
diffusion capacities of the lung. 


2. Because the enormous reserve capac- 
ity of the lungs provides a good margin of 
safety, when care is taken to minimize inci- 
dental pulmonary irradiation, and when 
the lungs are normal or had been normal 
before a primary pulmonary malignancy 
developed, the doses of radiation usually 


ic. 4. J.H.M., a patient with infiltrating 
duct carcinoma of the right breast, (4) after 
radical mastectomy but before irradiation, 
(B) three months after irradiation, and 
(C) thirteen months after irradiation. There 
has been no clinical symptomatology and 
the diffusion capacity has not been affected, 
but the roentgen evidence of radiation reac- 
tion is unmistakable and the ventilatory ca- 
pacity has been sharply reduced. 


recommended can probably be given with 
sequelae of acceptable frequency and se- 
verity. The short term effects have been 
fairly well documented; the long term ef- 
fects have not. 

3. When the pulmonary reserve has 
been lowered by pre-existing abnormality, 
less radiation injury can be tolerated. 

4. Serial physiologic testing increases the 
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accuracy with which radiation effect can 
be evaluated. There is some hope that it 
may be helpful in treatment planning and 
guidance. 


George Cooper, Jr., M.D. 
Department of Radiology 
University of Virginia 


School of Medicine 


Charlottesville, Virginia 
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COMBINED THERAPY: IRRADIATION AND SURGERY 
IN THE TREATMENT OF BRONCHOGENIC 
CARCINOMA* 

By FERNANDO G. BLOEDORN, M.D.,t R. ADAMS COWLEY, M.D.,t 
CARLO A. CUCCIA, M.D.,t and RAUL MERCADO, Jr., M.D. 


BALTIMORE, MARYLAND 


FOR years surgery alone has been the 
treatment of choice for carcinoma of the 
lung. Radical operation has been the un- 
disputed treatment for all operable cases. 
After an extensive and thorough trial, sur- 
gery has yielded disappointing results; in 
large series where all patients seen in the 
institution are considered, the five year 
survival is about § per cent. 

The natural history of the disease is such 
that it does not lend itself to any kind of 
localized therapy such as surgery. More- 
over, the anatomy of the affected area is 
not favorable for a radical en d/oc operation 
including the wide margin of normal tissue 
which is necessary in an aggressive type of 
cancer. There are possibly other factors 
which lessen chances of success, even in a 
well-planned operation—the possibility of 
seeding cancer cells and the production of 
distant metastases by surgical manipula- 
tion. 

In spite of its limitations, surgery has 
been the only curative treatment offered to 
patients with early bronchogenic carcinoma 
and is a good curative procedure in selected 
cases. The reported statistical results have 
been improved mostly by the selection of 
cases submitted for surgical procedure 
rather than by improving the cure rate in 
all the patients affected by the disease. A 
procedure of cancer therapy is better only 
if it is successfully applicable to a larger 
number of patients affected by the disease. 

Irradiation as a means of therapy in lung 
cancer has proven its efficacy in many 
cases. All Departments of Radiotherapy 


have some isolated cases of proven bron- 
chogenic carcinoma which are alive five 
vears or more after irradiation. To our 
knowledge a serious attempt has never been 
made to treat a large series of operable cases 
by irradiation alone. Irradiation has been 
applied only in inoperable cases or in pa- 
tients who refused surgery. Smithers,* in a 
series of 171 patients, showed a five year 
survival rate of 4 per cent, which is com- 
parable to surgical results, especially if it is 
considered that they were mostly inoper- 
able cases. This experience preceded the use 
of supervoltage therapy, and it may be 
assumed that these results can be improved 
with the use of better quality radiation and 
modern techniques. The local response to 
irradiation in lung tumors, mainly squa- 
mous cell and anaplastic carcinomas, is in 
most cases impressive; large tumors dis- 
appear and many mediastinal syndromes 
are relieved, sometimes at a low dosage 
level. 

In 1956 a joint program of the Divisions 
of Radiotherapy and Thoracic Surgery of 
the University of Maryland Hospital was 
established to study the possibility of using 
a combined approach of preoperative irra- 
diation and radical surgery in the treatment 
of bronchogenic carcinoma. 


FACTORS IN OPERATIVE FAILURES 
Before planning this program an analysis 
was carried out to discover the reasons why 
surgery does not cure more patients. In 
considering the therapeutic failures there 
are factors which are related to the natural 


* From the Divisions of Radiotherapy and Thoracic Surgery, University of Maryland Medical School, University Hospital, Balti- 


more 1, Maryland, 


Presented at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. 
t Division of Radiotherapy, Department of Radiology, University of Maryland Hospital, Baltimore 1, Maryland. 
t Head, Division of Thoracic Surgery, Department of Surgery, University of Maryland Hospital, Baltimore 1, Maryland 
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I'ic. 1. Factors related to the natural history and 
survival rate for bronchogenic carcinoma treated 
by surgery. 


history of the disease and factors which are 
related to the operation itself. 

The factors related to the natural history 
of the disease are shown in Figure 1. The 
proportion of lymph node invasion and the 
incidence of metastases shown are the re- 
sults of studies in the literature of more 
than 15,000 patients at autopsy and at 
operation; only those series containing 
1,000 or more patients were considered. 
From these studies it was estimated that, 
of 100 patients seen in any clinic, about 
30 per cent initially have distant metas- 
tases which are not always clinically evi- 
dent when the patient is first examined. 
This group of patients is beyond cure by 
any means of therapy presently available. 
Of the whole group of patients at least 60 
per cent have mediastinal lymph node 
metastases. It is logical to assume that the 
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group with distant metastases has the most 
advanced disease and thus will have medi- 
astinal lymph node involvement in almost 
100 per cent of the cases. We know that, 
due to the anatomy of the region, an ev dloc 
operation for excision or removal of the 
mediastinal lymph nodes is impossible. 
Therefore, the surgical results are poor in 
cases where the mediastinal lymph nodes 
are involved. 

At least 15 per cent of the whole group of 
patients develop metastases in the scalene, 
supraclavicular, or neck lymph _ nodes. 
Since these areas are untouched by surgery, 
these patients will not be cured by surgery 
alone. In another 15 per cent the disease is 
locally so advanced as to preclude surgery. 

If 5 per cent is deducted for the patients 
who will die due to operative or postopera- 
tive complications, there remains § per cent 
of the whole group, which is about the pres- 
ent cure rate obtained by surgery in any 
large series. It is realized that this type of 
estimate is only an approximation, but it 
gives an idea of the problems involved in 
treating carcinoma of the lung and some 
indications as to the causes of failure. 

In addition, there are other factors which 
have some bearing on the outcome when a 
patient is subjected to radical surgery for 
carcinoma of the lung. These are the pos- 
sibilities of local seeding of malignant cells 
and the production of distant metastases 
by the manipulation of the tumor. The 
possibility of this type of spreading of tu- 
mor is higher in carcinoma of the lung than 
in other tumors due to the common site of 
the tumor close to large vessels, and the 
frequency with which these tumors are ex- 
posed or cut into during surgery. Such tu- 
mor dissemination is probably responsible 
for treatment failure in more cases than 1s 
generally recognized. If we consider that 
Wagelin reported that the disease was local- 
ized to the site of the primary or contiguous 
structures in II per cent of his cases at 
autopsy, the expected cure rate obtained by 
extirpation of the local disease in much 
earlier cases should be higher. 


FACTORS IN CONSIDERING 
COMBINED THERAPY 

All the evidence seems to indicate that 
the disease in the lung, if not disturbed by 
trauma, could be localized to the primary 
site and to the mediastinal area in a con- 
siderable number of patients, possibly a 
greater number than is generally thought. 

It is reasonable to assume that if irradia- 
tion proves to be efficient in sterilizing 
mediastinal lymph nodes and in diminish- 
ing the peripheral extension and vitality of 
the primary tumor in cases where steriliza- 
tion is not achieved, some definite gain will 
be obtained in combining irradiation and 
surgical therapy. Let us carry this assump- 
tion further. If we suppose that 50 per cent 
of the local extensions of the primary tu- 
mor, and the mediastinal, scalene and 
supraclavicular lymph node metastases are 
sterilized by irradiation, the survival rate 
could be raised to about 20 per cent (Fig. 
2). The short experience of the authors 
seems to indicate the possibility of obtain- 
ing that incidence of sterilization in the 
primary site and in the mediastinal lymph 


nodes. The rate of possible sterilization of 


scalene or supraclavicular lymph nodes is 
not yet known. Although some patients 
(15 per cent of those treated) developed 
metastases while under treatment or 
shortly thereafter, they probably had latent 
metastases when first seen. This is probably 
an optimistic picture, because there are 
other factors which could change the end 
results, but it is obvious that some gains 
could be achieved by a combined treat- 
ment. 

In order to set a definite policy of treat- 
ment the first points to determine were: 

The possibility of radical irradiation 
of the primary lung tumor, along with the 
mediastinal and supraclavicular areas in 
cases where indicated, using supervoltage 
irradiation. 

The feasibility of radical surgery after 
radical supervoltage irradiation without 
increasing the complication rate. 

3. The action of radical irradiation upon 
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ic. 2. Factors related to the natural history and 
survival rate for bronchogenic carcinoma treated 
by surgery and cobalt radiation, assuming that the 
irradiation sterilizes 50 per cent of the mediastinal, 
scalene and supraclavicular lymph nodes. 


the primary lung tumor and its lymph node 
metastases in the mediastinum, the scalene 
and the supraclavicular areas. 

4. The possibility of rendering some in- 
operable cases operable. 

5. The gain in the cure rate by this com- 
bined therapy (in survival, incidence of 
local recurrence, distant metastasis, etc.). 
This was the first goal set for this study. 
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The advantages and possible gains of 


this combined therapy, in addition to the 
possible sterilization of a considerable num- 
ber of primary tumors and lymph node 
metastases, are: 

1. Rendering operable those tumors 
which are inoperable due to local extension 
into the carina, trachea, large vessels, chest 
wall, mediastinum, or supraclavicular 
areas. 

2. Diminishing or avoiding direct seed- 
ing and distant metastases produced by the 
surgical manipulation of the tumor. 

3. Controlling more cases with medias- 
tinal lymph node and some with scalene 
and supraclavicular lymph node metas- 
tases. 

In other words, the cure rate could be 
increased by applying a radical treatment 
in larger numbers of patients with less se- 
lection of cases. Even in cases where com- 
plete sterilization of the tumor cells is not 
obtained, it is reasonable to assume that 
the heavy irradiation of the tumor will so 
diminish the vitality of the cells as to make 
seeding (locally or through the blood 
stream) more difficult or even impossible. 
Surgical intervention will always remain 
necessary due to the impossibility of steri- 
lizing 100 per cent of the primary tumors 
with reasonable doses of irradiation, but it 
may be possible to use less radical opera- 
tions, such as lobectomy, without jeopard- 
izing the eventual results. 

On the basis of previous work and the 
present study, it is evident that radical 
irradiation, at a cancerocidal level, is pos- 
sible to the whole area proposed without 
complications and with very good tolerance 
in almost all cases. That radical operation 
by pneumonectomy or lobectomy is feasible 
in a high proportion of cases after irradia- 
tion with a minimal incidence of complica- 
tions is demonstrated by the series of cases 
shown. 

TREATMENT 

The treatment procedure at the Univer- 
sity of Maryland Hospital consists of: (1) 
irradiation by cobalt 60 teletherapy; (2) a 
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waiting period of two months; and (3) the 
surgical procedure. 


SELECTION OF CASES 


All cases had operable or inoperable 
bronchogenic carcinoma with the disease 
localized to one side of the chest (lung and/ 
or mediastinum), excluding patients with 
malignant pleural effusion. At present, 
cases with positive biopsy from lymph node 
metastases in scalene and supraclavicular 
lymph nodes have been included. More 
experience is needed to better evaluate the 
proper course to follow in these latter cases 
and in those with bilateral mediastinal 
lymph node metastases. Cases with bone 
erosion produced by extension of the pri- 
mary tumor have also been included. 


(1) IRRADIATION 


The technique is based upon the follow- 
ing principles: (a) in every case the primary 
lesion and its most common extensions are 
irradiated in continuity, thus forming a 
single volume of high dose; (b) all possible 
effort is made to spare the normal lung from 
irradiation; and (c) a higher dosage is de- 
livered to the sites of actually detectable 
tumor. 

The equipment used is a telecobalt 60 
unit with a 1.5 cm. diameter 1,200 curie 
source with rotational movement on a ra- 
dius of 55 cm. For stationary fields 50 to §5 
cm. source skin distance has been used. 
Careful localization radiographs are taken 
prior to treatment and are checked by por- 
tal radiographs obtained under treatment 
conditions with the same unit. In all cases 
diagnostic roentgenograms are taken im- 
mediately before treatment is started, after 
a 4,000 r tumor dose is delivered, at the 
end of one month, and one week before the 
surgical procedure. Pulmonary function 
studies are carried out before irradiation 
and prior to surgery. 

The actual technique of treatment will 
vary according to the histology, site, and 
extension of the tumor. In all cases the 
fields of irradiation will cover the primary 
tumor and the whole mediastinum as a min- 


Fic. 3. Treatment fields used in all cases. The 
hatched area shows the two parallel opposing 
fields. It is intended to include the primary tumor 
and the whole mediastinum from the sternal 
notch to at least 6 cm. below the carina. The nar- 
rowest portion is 10 cm. in width; the minimum 
length is 15 cm. This volume is irradiated to 4,500 
r in four and one-half weeks. The cross-hatched 
area represents the field of rotation, which in- 
cludes the primary tumor and the adjacent medias- 
tinum. All detectable tumor is included in this 
volume, which is irradiated with an additional 
tumor dose of 1,500 r in six treatments. 


imum (Fig. 3), from the sternal notch to at 
least 6 cm. below the carina. The basic 
treatment consists of a 4,000 r to 4,500 r 
tumor dose in four to four and one-half 
weeks with stationary fields; to the site of 
the primary lesion and adjacent medias- 
tinum, and any other site where gross 
tumor is detected, 1,500 r to 2,000 r addi- 
tional tumor dose is delivered. Patients 
with anaplastic tumors (Fig. 4) also receive 
a 5,000 r tumor dose in four weeks to both 
supraclavicular areas. For special tech- 
niques, which are mostly dictated by the 
different locations of the primary lesion, see 
Figures 5, 6, and 7. 

All cases were proved by biopsy before 
irradiation. When all other procedures 
failed to yield histologic proof the patient 
underwent exploratory thoracotomy with 
biopsy of the primary and mediastinal 
lymph nodes. In patients with peripheral 
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Kic. 4. Treatment fields used in cases of anaplastic 
tumors. The same arrangement as in Figure 3 of 
parallel opposing and rotational fields is used. The 
tissue doses delivered are 4,000 r in four weeks 
with the opposed fields, and 2,000 r in eight days 
by rotation. Both supraclavicular areas are treated 
with one anterior field in continuity with the medi- 
astinal irradiation. The dose delivered is 5,000 r in 
four weeks when no metastases are detectable. 


Fic. 5. When metastases are present either in the 
supraclavicular or in the scalene region, an addi- 
tional 1,000 r in three days is delivered to the 
diseased areas through a small field (56 cm.). 
The final dose will be 5,000 r in twenty days for 
both supraclavicular areas and 6,000 r in twenty- 
three days for the sites with tumor. 
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lic. 6. When the primary tumor is located periph- 
erally, the whole treatment is conducted with 
parallel opposing fields. The cross-hatched area 
represents the small fields used for the last part of 
the treatment. Rotation is not used in these cases. 
The doses are the same as those described in Fig- 
ure 3. 


tumors without histologic proof a lobec- 
tomy was performed and the patient re- 
ceived postoperative irradiation to the 
whole mediastinum (4,000 r tumor dose by 
stationary fields plus 1,000 r tumor dose by 
rotation in a total of four weeks) and treat- 
ment as described above to the supracla- 
vicular areas if the tumor was anaplastic. 
All other cases, including the operable ones, 
received preoperative irradiation. In all cases 
with previous thoracotomy the irradiation 
was started about ten days after operation. 
In a great majority of cases the treatment 
was very well tolerated locally and system- 
ically without any complications. The gen- 
eral condition of many patients began to 
improve during the second week of ther- 
apy. The only complaint was generally that 
of dysphagia due to esophagitis toward the 
end of the treatment. 

The roentgenographic changes were vari- 
able. The tumor masses, both in the pri- 
mary site and in the mediastinal lymph 
nodes, generally regressed considerably in 
size and often disappeared completely. The 
changes in atelectatic lungs were unpre- 
dictable. Some improved after 2,000 to 
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4,000 r while in others the collapse re- 
mained until the operation, even in cases 
where the operative specimen was free of 
tumor. In a few cases the tumor cavitated 
under treatment. These were not con- 
sidered as complications and the treatment 
was continued without difficulty. 


(2) WAITING PERIOD 


A waiting period of two months was 
allowed between the last radiation treat- 
ment and surgery. This period of time was 
chosen on the basis of previous experience 
with preoperative irradiation, mostly in 
head and neck and breast carcinoma. The 
length of this waiting period is important if 
full advantage is to be taken of the tumor 
response to the irradiation, 7.e., to obtain 
the maximum growth regression before the 
operation and at the same time to have 
minimal radiation changes which would 
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Fic. 7. In tumors of the apex, regardless of the histo- 
logic type, irradiation of the ipsilatera] supra- 
clavicular region is always added. If the tumor is 
known or is suspected to involve the parietal 
pleura, the axillary lymph nodes are also included 
in the irradiated volume. The arrangement of the 
fields is shown. The last part of the treatment is 
carried out with small parallel opposing fields (the 
cross-hatched area) including the primary lesion 
and the adjacent mediastinum. The gap between 
the adjacent fields is always necessary to avoid 
overdosage of the tissues included in the area of 
overlapping penumbra. 
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interfere with the technique of operation or 
the process of healing. So far, this length of 
time appears to be adequate. 


(3) SURGICAL PROCEDURE 


Patients who went through the treat- 
ment and waiting period without develop- 
ing clinically demonstrable distant metas- 
tases were operated upon. In most cases 
pneumonectomy was performed. Recently, 
in all cases where it is technically possible, a 
lobectomy has been done and irradiation 
has been relied upon for the sterilization of 
the parahilar lymph nodes. The gross 
changes in the tissues of the lung and medi- 
astinum have been minimal. Adhesions 
were few except in those patients who had 
undergone previous thoracotomy. The tis- 
sue planes during the hilar dissection were 
somewhat thicker than usual, but there was 
no true fibrosis or excessive bleeding. Clo- 
sure of the bronchial stump was by a single 
interrupted suture layer on the end of the 
stump, the stump often being left un- 
covered. In all exploratory operations the 
tumor and invaded lymph nodes were 
marked with silver clips which were re- 
moved with the surrounding areas for his- 
tologic study at the time of the second 
operation. Special effort was made _ to 
biopsy any palpable nodes in the medias- 
tinum. Thus far, the postoperative com- 
plications have been comparable in type 
and number to the ones seen in patients 
without irradiation. 


ANALYSIS OF PATIENTS TREATED 
AND RESULTS 

The patients under study include all 
cases seen in the Division of Radiotherapy 
which were considered for combined ther- 
apy according to the indications stated. In 
all cases there was a positive histologic 
diagnosis, the irradiation was administered 
as described, and the waiting period was 
about two months. 

The patients are divided into two series. 
The first series consists of patients who had 
their entire treatment at the University 
Hospital. In these cases the authors had 
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TABLE | 


COMBINED THERAPY (COBALT+SURGERY) 
PLANNED—4I PATIENTS 
Treatment No. of Cases 


Cobalt+Surgery 26 


Cobalt without Surgery 15 
Refused operation 4 
Metastases developed 11 

Total 41 

Initially Inoperable Cases 19 

Exploratory thoracotomy 17 


to 


On clinical grounds 


complete control of the treatment, both 
radiotherapy and surgery. Both the biopsy 
and surgical specimen were thoroughly 
studied by the Department of Pathology of 
the University Hospital. Patients in the 
second series were operated upon at other 
hospitals and the pathologic study of the 
specimen was usually carried out at the 
same hospital. All cases received the radia- 
tion therapy in the Division of Radiother- 
apy of the University of Maryland Hospi- 
tal, and were followed there both pre- and 
postoperatively. 

First Series (Radiotherapy and Surgery at 
University Hospital). In 41 patients com- 
bined therapy was planned when the pa- 
tients were first examined (Table 1). This 
was a group of unselected patients, since 
1g (47 per cent) of them were inoperable at 
the outset. In 17 patients a previous ex- 
ploratory thoracotomy had disclosed that 
the tumor was unresectable; the other 2 
were found inoperable on clinical grounds. 
Of this group, 26 patients underwent the 
whole treatment of irradiation plus surgery. 
In 15 patients the surgical procedure was 
not carried out—4 refused further surgery 
and the remaining 11 developed distant 
metastases either during therapy or during 
the waiting period. 

Further analysis of this group (Table 11) 
shows that of the 26 patients who underwent 
the whole treatment, 13 (50 per cent) initially 
had been inoperable (12 were found to be 
unresectable at previous thoracotomy, and 
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TABLE II 


COMBINED THERAPY (COBALT+SURGERY) COMPLETED 
26 PATIENTS 


No. of Cases 


Initially Inoperable 13 
Previous thoracotomy 12 
On clinical grounds I 

Operable after Irradiation 13 


Operative Procedures 
Lobectomy 4 
Pneumonectomy 22 


1 on clinical grounds). All 13 had resection 
after irradiation. Of these 26 patients, 22 
had pneumonectomy and 4 had lobectomy. 
Histologic study of the surgical specimens 
and lymph node biopsies (Table 111) of this 
group showed that the site of the primary 
tumor was free of tumor cells in 14 patients 
(54 per cent) and the lymph nodes in the 
mediastinum were free of metastases in 24 
patients (92 per cent). All specimens were 
carefully studied with multiple sections (30 
or more). The presence of recognizable tu- 
mor cells was considered as evidence of 
residual tumor. 

Analysis of the 15 patients who did not 
have surgery (Table tv) shows that 6 (40 
per cent) had been inoperable initially (5 
were found unresectable at previous thor- 
acotomy, and I on clinical grounds). Eleven 
patients developed distant metastases dur- 
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TABLE IV 
PLANNED FOR COMBINED THERAPY BUT NOT 
OPERATED—IS PATIENTS 


No. of Cases 


Initially Inoperable 6 


Previous thoracotomy 5 
On clinical grounds I 

Irradiated but Not Operated 15 
Metastases developed 11 
Refused operation 4 

Dead 11 
Intercurrent disease I 
Distant metastases 3 


Active primary (5 with 
distant metastases) 7 
Alive 4 
More than 12 months 
More than 6 months 
Less than 6 months 


Failure to control primary tumor—8/15 (53 
cent) 


ing the treatment or waiting period, and 4 
refused surgery. Eleven of these 15 patients 
have already died, 1 of intercurrent disease, 
3 because of distant metastases, and 7 be- 
cause of an active primary tumor. (Five of 
these 7 also had distant metastases.) Four 
patients are surviving six to twelve months 
after irradiation, 1 with an active primary 
tumor. There was failure to control the 
primary tumor in 8 of the 15 patients (53 
per cent). It is obvious that this group of 


TABLE III 


HISTOLOGIC FINDINGS OF THE SPECIMENS 


Sites and Histology 


AFTER COMBINED THERAPY 


26 PATIENTS 


No. of Cases 


Positive primary and positive mediastinal lymph nodes 


I 
Positive primary and negative mediastinal lymph nodes 11 
Negative primary and positive mediastinal lymph nodes I 
Negative primary and negative mediastinal lymph nodes 13 


Positive Findings 


Site 
No. of Cases 


Primary I 
Mediastinal lymph nodes 


wwe 


Negative Findings 


Per Cent No. of Cases Per Cent 
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patients should not be used for comparison 
with the previous group because it is se- 
lected. Except for the 4 patients who refused 
operation, these cases were not operated 
upon due to the presence of distant me- 
tastases, which already made the prognosis 
hopeless. 

Of the 26 patients who had the complete 
treatment, 13 (S0 per cent) are alive (Table 
v), 12 with no evidence of active disease 
and 1 with distant metastases. (The sur- 
vival times are, at the moment of this 
writing, six months longer than those 
shown in the table.) Thirteen patients are 
dead. Three died in the postoperative pe- 
riod, 1 of contralateral pneumothorax and 
2 of coronary occlusion (1 of the latter had 
distant metastases at postmortem exam- 
ination). Five died of intercurrent disease, 
1 of active disease in the treated area, 3 of 
distant metastases, and 1 of unknown 
cause. Of the whole group, § patients de- 
veloped distant metastases, 7.¢., 5/26 (19 
per cent). 

All Cases (First and Second Series Com- 
bined). The data show that the ratio of 
inoperable-operable patients is similar to 
that for the first series, as is the high per- 


TABLE V 


RESULTS OF COMBINED THERAPY 20 PATIENTS 


No. of Cases 


Alive 13 
No evidence of disease 12 
Distant metastases I 

Survival Times 
4 years I 
More than 2 years 
More than 6 months 
Less than 6 months 


> +> + 


Dead 13 
Postoperative death ik 
(1, pneumothorax; 2, coronary 
occlusion [1 with metastases]) 
Intercurrent disease 
Active disease in the treated area 
Distant metastases 
Unknown cause 


Incidence of distant metastases—5/26 (19 per cent) 
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TABLE VI 


ALL CASES CONSIDERED FOR COMBINED THERAPY (CO- 
BALT-+SURGERY)—S7 PATIENTS* 


No. of 
Cases 
Cobalt+Surgery 37 
Cobalt without Surgery 20 
Initially Inoperable Cases 26 
Exploratory thoracotomy 21 
On clinical grounds 5 
Postoperative Deaths 8 
Proven Mediastinal Lymph Node Involvement 
Before irradiation 10 
After irradiation I 
Alive 5 
More than 2 years 2 
More than 1 year I 
6 months 2 


* 41 patients University Hospital series. 
16 patients operated upon at other hospitals. 


centage of operability of these cases after 
cobalt therapy (Table v1). The results of 
the histologic findings of the surgical speci- 
mens and lymph node biopsies are also 
similar to those in the former group (Table 
vit). We should consider, though, that the 
specimens studied in other hospitals were 
not always as thoroughly analyzed as those 
at the University of Maryland Hospital. 

It is interesting to note from Table v1 
that, of the 37 cases who received the com- 
bined therapy, 10 cases had mediastinal 
lymph node involvement (outside the hilar 
area) proved by biopsy. In only 1 of these 
cases was there proof of mediastinal in- 
volvement after cobalt therapy. Five of this 
group of patients are presently alive for 
from one to two and one-half years. 

The control of the primary tumor has 
been achieved in about 50 per cent of the 
patients treated. 

To date, only a very small group of pa- 
tients with metastases in the scalene or 
supraclavicular lymph node areas has been 
treated. All of them developed distant 
metastases before operation. Only 1 case 
was rebiopsied in the supraclavicular area 
after therapy and, in this instance, active 
tumor was present. 
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VII 


HISTOLOGIC FINDINGS OF THE SPECIMENS AFTER COMBINED THERAPY— 37 PATIENTS 


Sites and Histology No. of Cases 


Positive primary and positive mediastinal lymph nodes 2 
Positive primary and negative mediastinal lymph nodes 18 
Negative primary and positive mediastinal lymph nodes 2 
Negative primary and negative mediastinal lymph nodes 15 


Negative primary—17/37 (46 per cent) 
Negative mediastinal lymph nodes—33/37 (89 per cent) 


SURVIVALS PATIENTS 


After Combined Therapy—18 
4 years 
More than 2 years 
More than 1 year 
More than 6 months 
Less than 6 months 


In All Cases 


23/57 (40 per cent) 


COMMENTS 


It is realized that the number of patients 
treated is small and the experience still is of 
short duration, but some preliminary con- 
clusions can be drawn which may help in 
the planning of a more extensive study. 

The irradiation, as performed with the 
equipment and technique described, has 
been very well tolerated by most of the 
patients. The technique and dose employed 
seem to be adequate in most cases. One 
might question whether increasing the dose 
to the primary tumor would not achieve 
control of the tumor in a higher percentage 
of cases. It is likely, though, that higher 
doses would increase the probability of 
complications without a substantial gain in 
eficiency. Furthermore, complete steriliza- 
tion of the primary tumor is not essential 
since this is to be excised. 

The amount of irradiation delivered in 
this series prior to the surgical procedure 
does not seem to add any mafor difficulty 
to the technique of the operation or to 
interfere with the healing process. 

In spite of the small number of patients 
treated there are two striking features 
which seem to be of significance because of 


37 (50 per cent) 


WM Go 


their consistency, v7z., the high percentage 
of patients made operable after irradiation 
and the high rate of sterilization of medi- 
astinal lymph node metastases. It is also 
worth noting that, in the patients who were 
previously inoperable or who originally had 
mediastinal lymph node metastases, the 
survival seems to be similar to that of the 
rest of the group. 

If the sterilization of the mediastinal 
lymph nodes proves to be as consistent as 
shown in this series, it will be the most im- 
portant gain for this type of combined 
therapy. 

Surgery will always remain necessary be- 
cause of the rather high number of patients 
showing residual disease at the site of the 
primary lesion. However, in many cases a 
more conservative approach might be ap- 
propriate, 7.e., lobectomy. This is a very 
important gain if we consider that a pneu- 
monectomy is a crippling operation, par- 
ticularly in the older or emphysematous 
patient. 

The experience gathered so far in the 
present study does not agree with that re- 
ported by Bromley and Szur? in England. 
They applied a combined treatment of pre- 
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operative roentgen irradiation and surgery 
in 66 patients with disappointing results. 
It is necessary, however, to point out that 
in their series the quality of the radiation, 
the techniques and the dosages were differ- 
ent; their only aim was to treat the primary 
tumor and the most adjacent areas. The 
rate of sterilization of the primary tumor 
was 46 per cent, but their operative and 
postoperative complication rate was high. 
It is possible that with the type of irradia- 
tion described here the result may be dif- 
ferent. 


SUMMARY 


Up to the present time the results of 
treatment in bronchogenic carcinoma are 
very disappointing, surgery being the main 
modality. 

In this report an attempt is made to re- 
late the natural history of the disease to the 
causes of therapeutic failure. The theoretic 
advantages of a combined therapeutic ap- 
proach by irradiation and surgery are out- 
lined. 

The technique of treatment applied at 
the University of Maryland Hospital is 
explained. The importance of the irradia- 
tion extending beyond the clinically detec- 
table disease in order to cover the areas 
potentially involved by tumor, and the 
need of a waiting period and the type of 
operation to be performed are stressed. 

The preliminary results are presented. 
Krom the first group of patients treated, 
the following conclusions can be drawn: 

1. Radical irradiation together with radi- 
cal surgery is feasible in many patients with 
bronchogenic carcinoma. 
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2. The resectability rate after cobalt 
therapy is very high. 

3. The primary tumor can be sterilized in 
a rather high percentage of cases. 

4. Sterilization of the lymph node metas- 
tases in the mediastinum by irradiation is 
possible in a considerable number of cases. 

The results of these preliminary studies 
are promising. A larger number of patients 
followed for a longer period of time is neces- 
sary in order to properly evaluate this 
treatment. 


Fernando G. Bloedorn, M.D. 
Department of Radiology 
University Hospital 
University of Maryland 
Baltimore 1, Maryland 
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BRONCHOGENIC CARCINOMA METASTATIC 
TO THE HAND* 


By ALBERT S. TRACHTENBERG, 


M.D., 


and BERNARD ROSWIT, M.D. 


BRONX, NEW YORK 


ETASTASIS to the bones of the hand 

is an uncommon occurrence. Only 29 
such cases have been reported previously, 
and 14 of these have been ascribed to 
primary bronchogenic carcinoma (Table 1). 
Two of these patients were recorded from 
the personal experience of this institution.’ 
It appears appropriate to report 2 addi- 
tional cases which have recently come to the 
attention of the authors. 


REPORT OF CASES 


Case 1. J. R., a sixty-five year old white 
male, stboa the hospital i in November, 1959 
with complaints of cough, anterior chest pain, 
and a slightly tender swelling of the left third 
finger of approximately two weeks’ duration. 
Physical examination revealed a chronically ill 
white male with a diffuse swelling of the middle 
phalanx of the left third finger (Fig. 14). 

A chest roentgenogram showed a densitv at 
the level of the right hilus suggesting a primary 
bronchial neoplasm (Fig. 1B). Roentgen ex- 
amination of the left hand demonstrated a 
lytic lesion of the middle phalanx of the left 
third finger with associated soft tissue swelling 
(Fig. 1C). 
a diagnosis of blood-borne metastasis from a 
bronchogenic carcinoma. A biopsy specimen 
from the involved finger showed metastatic 
epidermoid carcinoma. 

The patient received chemotherapy for the 
neoplastic disease. An amputation of the left 
third finger was performed because of the pro- 
gressive nature of the lesion in the middle 
phalanx (Fig. 12). One week postoperatively, 
a firm nontender lymph node was palpated in 
the left axilla, representing a probable lym- 
phatic dissemination of the carcinoma. Subse- 
quent roentgenograms of the left hand revealed 
further areas of lytic destruction. The patient 
continued to pursue a downhill course and ex- 
pired in February, 1960. At postmortem ex- 
amination the diagnosis of bronchogenic car- 
cinoma was confirmed. 


These findings were consistent with 


Case u. I. R., a sixty-six year old white 
male, first noted weakness and malaise in 
September, 1959. A chest roentgenogram 
showed a lesion in the right lung (Fig. 2B) and 
bronchoscopy confirmed the diagnosis of bron- 
chogenic carcinoma. In October, 1959 the pa- 
tient underwent a right pneumonectomy at 
another hospital. He entered this hospital 
December, 1959 with ptosis of the right eyelid 
of four days’ duration and a nonpainful swelling 
of the distal phalanx of the right fifth finger 
which had been present for three months (Fig. 
24). The latter was diagnosed as paronychia by 
the admitting physician. 

A chest roentgenogram on admission showed 
a typical postoperative status with diffuse 
opacification of the right hemithorax. Roentgen 
examination of the right hand revealed com- 
plete destruction of the distal phalanx of the 
right fifth finger with concomitant soft tissue 
swelling (Fig. 2C). These findings were reported 
as being compatible with metastasis from a 
bronchogenic carcinoma. Amputation was per- 
formed and the specimen showed metastatic 
epidermoid carcinoma (Fig. 2D). The patient 
expired in February, 1960. Postmortem exami- 
nation disclosed recurrent carcinoma in the 
right pleural cavity with extension to the peri- 
cardium. 

DISCUSSION 

Four cases of metastatic carcinoma to the 
bones of the hand have now been docu- 
mented from the experience of this insti- 
tution. All 4 occurred in male patients with 
bronchogenic carcinoma; 3 manifested 
monostotic lytic lesion confined to one hand, 
and 1 showed polyostotic metastases to the 
hand. 

Metastatic malignant tumors of the 
hand are rare and the principal primary 
source is bronchogenic carcinoma. Of the 
31 cases collected thus far, the lung has 
been implicated in 16. Of clinical signifi- 
cance is the finding that monostotic metas- 


* From the Radiation Therapy Service, Veterans Administration Hospital, Bronx, New York. 
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Fic. 1. Case 1. (4) Photograph showing diffuse fusiform swelling of the middle phalanx of the left third 
finger. (B) Chest roentgenogram demonstrates the primary lesion at the right hilus. (C) Roentgenogram 
of the left hand shows a lytic lesion of the middle phalanx of the left third finger. (D) Roentgenogram of 
the left hand eleven days later shows rapid progression of the lytic lesion after biopsy, with an overlay 
of the cut section of the operative specimen. 
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Fic. 2. Case 11. (4) Photograph showing fusiform swelling of the distal phalanx of the right fifth finger. 
(B) Chest roentgenogram shows the primary lesion in the right lung. An azygos lobe is noted as an inci- 
dental finding. (C) Roentgenogram of the right hand shows complete destruction of the distal phalanx 
of the right fifth finger. (D) Composite illustration of the operative specimen and its roentgenogram. 
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tasis occurred most commonly in broncho- SUMMARY 

genic carcinoma (with 2 exceptions), while Metastatic tumors in the bones of the 
no such consistent relationshp was found hands are extremely rare, and broncho- 
when other primary neoplasms were con- genic carcinoma is the most common 
sidered (Table 1). source. It is significant that polyostotic 


TABLE | 


REPORTED CASES OF METASTASES TO THE BONES OF THE HAND 


Primary Tumor or Site Case No. Age Sex Hand Lesion* | Reference No. 
47 M M 
2 40 M M 
3 49 M M 20 
4 65 6 
5 55 M M ¢ 
6 59 M M 
60 M M 
Bronchogenic 8 58 M M 
Carcinoma 9 66 M M " 
10 45 M M 2 
11 Unknown Unknown M . 
12 58 M M 
13 M M 
14 47 M M _ 
65 M P 
16 66 M M T 
i7 Unknown P 12 
Breast 18 Unknown I M 1, 
Kidney 20 66 M 
21 47 M P 
Sympathicoblastoma 22 18 mo. M P " 

Bladder 23 39 M M 

Uterus 24 $9 I M 
Lymphosarcoma 25 42 M M ” 
Parotid Gland 26 41 M 
27 Unknown M 
Colon 28 Unknown Unknown P 
Rectum 29 61 M M _ 
Prostate 30 60 M 
Skin (right foot) re | 70 I M 


* M= monostotic:; P= polyostotic. 
t Present report. 


xX 


) Albert S. Trachtenberg and Bernard Roswit 


metastatic lesions in one or both hands 
from bronchogenic carcinoma are excep- 
tional, although coexisting bone lesions 
may be present elsewhere. 


Bernard Roswit, M.D. 

Veterans Administration Hospital 
130 West Kingsbridge Road 
Bronx 68, New York 
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HOST RESISTANCE AND OTHER INTANGIBLES 
IN THE TREATMENT OF CANCER* 


By EUGENE P. PENDERGRASS, M.D. 


PHILADELPHIA, PENNSYLVANIA 


NYONE with an extensive experience in 
the treatment of cancer is aware that 
there are great differences among patients. 
In one a tumor will smolder and grow 
slowly; in another it will grow at a moder- 
ate rate; and in a third it will grow rapidly 
and spread throughout the body. In other 
patients, tumors change their growth rates. 
Often they remain quiescent for a while and 
then take on an accelerated growth. Less 
often, tumors stop growing, and there are 
rare reports of tumors which spontaneously 
disappear. 

There are variations as well in the re- 
sponse to therapy. The surgeon is fairly 
familiar with the observation that certain 
patients respond well to a given type of 
surgical procedure, and other patients do 
not. The radiologist has emphasized this 
difference in patients for many years. In 
rationalizing the cures and good palliation, 
the skill of the surgeon, the magnitude of 
the surgical procedure, the super-super 
form of radiation unit (cobalt bomb, cyclo- 
tron, betatron, linear accelerator), or the 
extent of the disease at the time of therapy 
are considered. And now the biologic ag- 
gressiveness of the tumor and the resistance 
or lack of resistance to the disease seem to be 
receiving more emphasis than heretofore. 

One of the healthy developments in 
cancer research has been the increasing 
interest in the study of host-tumor rela- 
tionships—changes that tumors produce in 
the host and, perhaps, changes that have to 
occur in the host before a neoplasm can 
develop, grow, and metastasize.”* Investi- 
gations that bring the tumor-interphase- 
host area into closer focus are of great 
potential. The rate of stress and decreased 


resistance to cancer and the psychologic 
states as factors in malignant disease are 
being Increased ef- 
forts are being made by the psychiatrists 
and the psychologists to devise clinical 
and surgeons 
are performing animal experiments to test 
the role of stress of various types in host 
resistance and host acquiescence in malig- 
nancy 

An interesting series of problems has 
resulted from the rediscovery that tumor 
cells can be found in the blood of a small 
but significant proportion of patients with 
cancer.”:?> The presence of tumor cells in 
the blood is not necessarily indicative of 
metastases, just as the recovery of tumor 
cells in the operative field is not indicative 
that a local recurrence is inevitable.” This 
is a demonstration of the systemic factors 
of resistance that must exist in some pa- 
tients against some neoplasms, factors that 
will be fruitful to define. 

As one looks over publications on ther- 
apy one observes that there are undulating 
curves of aggressiveness in the treatment of 
cancer in all of the various disciplines. In 
radiology, the development of the Coolidge 
tube made it technically feasible to give 
more radiation to a part. This began an 
era of increased radiation dosage which 
continues and will continue for a long time. 
In general, however, an increased survival 
from increased dosage of radiation has not 
been very striking. I suspect that this may 
be true in other forms of therapy. For 
example, the current practice of treating 
with chemotherapy and hormones to the 
limit of tolerance eventually may prove to 
be unwise. 


* From the Department of Radiology in the School of Medicine and the Hospital of the University of Pennsylvania. Penn Mutual 


Foundation for Neoplastic Diseases, Philadelphia, Pennsylvania. 


Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 
1960. 
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Very early in my professional life, | was 
exposed to a great physician, Dr. Henry k. 
Pancoast. In his approach to the therapy 
of cancer, he was cautious and meticulous. 
His patients developed a great deal of con- 


fidence in his ability. Although many of 


his successful experiences in therapy have 
been credited to either radiation or some 
other specific form of therapy, I have had 
the impression that the success of treat- 
ment involved more than 
radiation or milligrams of drugs. 

A few years ago, I began to wonder 
whether the time had not arrived when one 
should begin to talk about the variations 
in therapeutic response that one sees. Like 
most physicians, I think that I have ob- 
served responses in cancer patients that are 
almost miraculous. I have also seen the 
opposite obtain. In seeking an explanation, 
I began to explore beyond the usual limits 
of a clinical history. On many occasions, | 
found or learned about a history of emo- 
tional stress; or just the opposite—a cli- 
mate of happiness and security. Yet when 
one sits down and gives some thought to 
factors having to do with cancer growth, 
one hesitates to talk about things other 
than those which, by convention, are recog- 
nized as good medical practice or fall within 
the realm of good clinical research. 

FKorovertwenty years all medical students 
have been told something about the work 
of Hans Selye. His classic investigations 
have been quoted by many as being opera- 
tive in various medical conditions. | am 
not familiar with much of the literature 
that can be included in “‘the general adap- 
tation syndrome and the disease of adap- 
tation.”’ However, I suspect that it is only 
in recent years that certain physicians, in 
a scientific manner, have attempted to ex- 
plore the possiblity of a relation between 
stress phenomena and malignant 
eases.’ 

My first experience with what might be 
called ‘‘the psychosomatic aspects of can- 
cer” dates back to 1926. A young man of 
thirty-six years was referred to Dr. Pan- 
coast for the treatment of a lymphosar- 
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coma. This young man was treated with 
200 kv. radiation and he responded fairly 
well for a short period, and then not at all. 
The patient became toxic and Dr. Pan- 
discontinued the therapy. After 
roentgen therapy was abandoned, the pa- 
tient improved and Dr. Pancoast placed 
him on ultraviolet therapy which, at that 
time, was being recommended for a number 
of conditions. This young man was sent 
home and was treated with an ultraviolet 
lamp. He responded well and the clinical 
evidence of his disease disappeared. He was 
followed throughout the succeeding years. 
About 1945, one of the sons of our patient 
led a howitzer company onto the Anzio 
beachhead in Italy and was killed. The 
voung lieutenant was the elder and favorite 
son and his death caused his father to have 
a tremendous emotional upset. Very shortly 
thereafter, the patient had reactivation of 
growth in the lymph nodes in the neck, 
axillae, and abdomen, and he returned to 
the University Hospital for treatment. A 
biopsy showed the pattern of his disease 
to be similar to that observed in 1926. The 
patient did not respond permanently to any 
form of therapy and soon died (in less than 
four months). The sequence of events in 
this instance strongly suggested a relation- 
ship between the emotional stress and the 
reactivation of the disease. 

Another patient came in with extensive 
lvmph node involvement of the cervical, 
axillary, abdominal and pelvic regions. She 
was anemic and febrile. After a biopsy was 
done and the tissue was interpreted as 
lymphosarcoma, the patient was referred to 
me for roentgen therapy. The ordinary 
clinical history did not reveal anything un- 
usual. When I asked whether she had had 
an emotional upset, she related the follow- 
ing story: Her son had married a boyhood 
sweetheart and the families on both sides, 
as well as the voung married couple, seemed 
quite happy. Several months after the mar- 
riage, the patient’s son came home one 
night and discovered conclusive evidence of 
his wife’s marital infidelity. This episode 
caused the son’s mother to have an emo- 
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gol 
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tional upset and several weeks later she 
developed Ivymph node enlargement and 
became ill. 

Another instance concerned a woman 
who had been under our observation for a 
little over twelve years. She had had 
carcinoma of the breast. All during these 
vears, she had been perfectly well. Last 
vear the patient and her husband went to 
Germany to see their family and visit their 
former homeland. On returning to America, 
her husband found that he had been laid 
off at his place of employment. They were 
without money, and her husband, although 
a master mechanic, was unable to get a job 
because he was thought to be too old. The 
patient soon began to develop aches and 
pains and, at one of her follow-up exami- 
nations, roentgen studies of the chest and 
thoracic and lumbar spine revealed meta- 
static involvement of the pleura and ribs. 

Here again, the time between a healthy 
state and one of real distress was relatively 
short, and it was by pursuing the matter 
beyond the usual clinical history that | 
found that there might be a factor of emo- 
tional stress associated with the reactiva- 
tion of a dormant disease. These are just a 


few examples of at least the coexistence of 


active malignant disease and emotional 
problems. 

The opposite may also obtain. | have 
patients with extensive malignant disease 
throughout the body who are living with 
their disease and living in comfort. The 
cancer has been treated by radiation, by 
surgery, by hormonal therapy, and by 
general supportive measures. With many 
of these patients, one learns that there is 
a tamily relationship that provides a happy 
home. This relationship sustains the patient 
and gives him or her the desire to get well 
and live as normal a life as possible. On 
occasions, under such circumstances, the 
good response to therapy is such that one 
claims it a real triumph. At present, one 
does not know how to evaluate or measure 
the influence of a happy home life on the 
course of disease in general or of cancer in 


particular. I suspect that all would agree 
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that such an environment is desirable; if it 
atfects the disease as well, so much the 
better. 

So tar as I know, there is no evidence 
that hormones acting alone can initiate the 
transformation of a normal cell into a neo- 
plastic cell. However, it is known that 
certain hormones have a great influence on 
the susceptibility of experimental animals 
to some types of cancer and it seems not 
unlikely that this is also true of human 
beings. Furthermore, from clinical experi- 
ence we know that hormone therapy or 
castration has a_ considerable (though 
usually temporary) influence on the be- 
havior and growth of advanced cancer of 
certain types in human beings. 

The narratives about the above cases are 
presented as examples to show that psycho- 
logic factors sometimes have a marked in- 
Huence on the behavior and rate of growth 
of cancer once it has occurred in the human 
body. It is not unreasonable to postulate 
that this could result from the interaction 
of psychologic factors and hormonal levels. 
I want to make it clear that I am not sug- 
gesting that psychologic factors act as an 
initial causative agent in the occurrence of 
cancer. | am only suggesting that they 
sometimes have an influence on pre-existing 
cancer and may have an influence on sus- 
ceptibility to cancer. 

lor the most part, present day cancer 
research is directed toward the cell and cell 
nucleus, or the chemical events at the 
enzyme and molecular levels. Considerable 
evidence has been produced to show that 
the normal cell under the impact of carcino- 
genic agents, whether of a physical, chem- 
ical or viral nature, may become neoplastic. 
Within the body, the cell is a fundamental 
unit of the tissues that participate in the 
formation of organ systems, all of which 
work with each other under the control of 
“coordinators,” like the central nervous, 
autonomic, and hormonal systems.!! The 
emphasis in research is more on the indi- 
vidual cell than on the organism within 
which the cell is found in its natural state. 
Yet, investigators recognize that survival 
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and growth of neoplastic cells are depend- 
ent on host environmental factors. 

When one looks into the subject of con- 
stitutional factors and their influence on 
disease, one finds a tremendous literature.® 
Doctor Samuel J. Kowal,'? of Boston Uni- 
versity, states that the 18th and tgth 
century physicians were impressed by the 
frequency with which certain life situations 
seemed to occur prior to the development 
of a neoplasm. There seemed to be a com- 
mon denominator, the reaction of despair 
and hopelessness, which appeared to follow 
diverse situations caused by death, separa- 
tion, and economic, political, professional 
and other frustrations. Such patients ap- 
parently lost all desire to live, and thus, 
by a type of passive surrender, the stage 
was set for the development of the malig- 
nancy.” 

The earlier literature is replete with 
similar observations made by physicians 
throughout the world.'® For example, 
Doctor Willard Parker? of New York 
reported on fifty-three years of surgical 
experience in the treatment of cancer of the 
breast, extending from 1830 to 1883. Parker 
was impressed by the role of mental afflic- 
tion in the production of cancer. He asked, 
“Can anxiety be a predisposing cause? Will 
a long period of care, trouble, and sorrow, 
alone disturb the balance between the 
nervous and cellular elements, so as to 
make the latter take on an abnormal, 
cancerous development?” His answer was 
“ves,” and he concluded: “There are the 
strongest physiological reasons for believing 
that great mental depression, particularly 
grief, induces a predisposition to such a 
disease as cancer, or becomes an exciting 
cause under circumstances where the pre- 
disposition had already been acquired.” 

More recently, Bacon, Rennecker and 
Cutler (1952)! were stimulated to make a 
psychosomatic survey of 40 cases of cancer 
of the breast. They raised the following 
questions: What is the factor (or factors) 
which triggers the change from cellular 
order to cellular chaos? Is an emotional 
force the finger on the trigger at times? 
These authors make the statement: “‘Mod- 
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ern cancer investigators believe that every- 
one carries the cancer potential within him, 
that it is simply a matter of whether you 
die of something else before you die of 
cancer. This approach raises the interesting 
question of why the dormant precancerous 
state remains dormant in many, whereas 
in others it changes early and rapidly. Why, 
after it appears as a malignancy that can 
be diagnosed, does it or does it not metasta- 
size early or late in some? And what is the 
nature of the body’s defensive reaction to 
cancer?” These authors, on the basis of 
their observations, are inclined to believe 
that there might be a connection between 
the psyche and cancer. 

Blumberg, West and Ellis* have com- 
pared the personality characteristics of 
cancer patients with rapidly advancing dis- 
ease and similar cases in which the period 
of survival was far longer than the average 
expectancy. Their study indicated that a 
long-standing, intense emotional stress may 
exert a profoundly stimulating effect on the 
growth rate of an established cancer in 
man. They state that, if the validity of the 
findings of their work were supported by 
further work and by independent investi- 
gators, one might begin to think of explain- 
ing host resistance in a cancer patient in 
terms of ability to reduce or adapt effec- 
tively to stresses brought on by environ- 
mental and emotional conflicts. 

In his early studies, Doctor William A. 
Greene, Jr.,7°° of the University of Roch- 
ester, suggests that pathologic activity 
of the reticuloendothelial system may occur 
as a part of a reaction to psychologic 
stresses. Further psychosomatic study of 
patients with leukemia and lymphoma may 
help to clarify the nature of these disorders. 
In later studies, Greene and his asso- 
ciates’'’ state that one can assume that 
there are undetermined physiologic respon- 
ses accompanying separation and depres- 
sion in some individuals. These physio- 
logic responses, perhaps biochemical or 
immunologic, may precipitate the leukemic 
process in individuals who are potentially 
leukemic. 

Engel® states that the physician must 
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familiarize himself with and learn more 
about man’s heritage. He must understand 
man’s basic need and his means of adapta- 
tion in a physical, organic, and social en- 
vironment. He must study the phases of 
adjustment and define more clearly their 
determinates and what constitutes meaning- 
ful stress. He must study and devise new 
and more eftective means of aiding the 
adaptive efforts of the patient.’ He must 
be aware that many of the signs and symp- 
toms manifested by the sick person are the 
attempts at adaptation and expression, 
rather than the disease itself. Such thoughts 
must be kept in mind, otherwise the at- 
tempts at therapy will deprive the patient 
of defenses without making more suitable 
ones available. This commonly happens in 
present day medicine, when the specialist 
directs attention to one group of symptoms 
and ignores their significance for the total 
adjustment of the patient. 

Over the years, many have been unable 
to evaluate the constitutional factors ob- 
served by good clinicians. One wonders 
whether the glamor of the scientist and the 
dissection of the cell and its components 
have not led us into a path away from 
important environmental influences. If so, 
this is a deficiency that we must overcome. 

In approaching the treatment of cancer, 
it is essential that one obtain an adequate 
history and a thorough physical examina- 
tion. Bacon and her colleagues! put it this 
way: “We believe that we have developed 
a ‘feeling’ for a malignant history. The 
‘feeling’ is arrived at through repeated ob- 
servation of factors having to do with 
behavioural characteristics of patients.” 
This is a technique that was employed by 
older physicans who sought to connect the 


life situation with the disease process. If 


one adds a thorough physical examination 
to such a history, the physican is in a better 
position to evaluate collateral studies and 
to treat the patient. 

I have been very much impressed with 
the program of examination and treatment 
of leukemic patients employed by Doctor 
Osgood and his associates.!*-?! It has been 
most ettective. My interpretation of Os- 
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good’s success is that he not only employs 
therapeutic agents with good judgment, 
but he also has the complete confidence of 
the patient. This confidence is due in great 
measure to the fact that Doctor Osgood 
takes time to get a good history; he ex- 
plains the nature of the disease, and ulti- 
mately tells the patient the truth about the 
diagnosis. He proceeds in a way that does 
not upset the patient; rather, it stimulates 
him to do his part in the program of ther- 
apy. My experience has led me to believe 
that most patients can accept the truth 
about the diagnosis of the condition for 
which they are being treated if one takes 
adequate time to prepare the patient for 
such an interview and uses good common 
sense. 

There are many ways of treating cancer, 
but one thing is certain—if the program of 
therapy includes a high level of coopera- 
tion and consultation at all levels, the pa- 
tient will get a “‘better deal” and all mem- 
bers of the professional team will continue 
to learn and will be stimulated to do better 
work. The young trainee will, in turn, be 
able to carry with him a philosophy that 
always will be helpful. 

A complete environmental and_ social 
history, an intelligent judgment mixed 
with the milk of human kindness, and an 
appropriate educational and supportive 
program (what to look for, how to look, 
what to do) will, when combined with care- 
fully planned therapeutic measures, serve 
well until we learn more. 

The clinician cannot cure diabetes. He 
can do an exellent job in control. In treat- 
ing cancer, we must remember that it is 
just as important to treat the patient as to 
treat the disease. There is no greater oppor- 
tunity to practice the art of medicine than 
in cancer therapy. 

Department of Radiology 
Hospital of the University of Pennsylvania 
3400 Spruce Street 
Philadelphia 4, Pennsylvania 
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HYPNOSIS AND ITS USE IN CONTROLLING 
PATIENTS WITH MALIGNANCY* 


By OSCAR L. MORPHIS, M.D.7 


FORT WORTH, TEXAS 


YPNOSIS is a phenomenon that is as 
old as man. It is a normal, natural 
state that all of us have experienced to 
some degree at one time or another. It is 
closely associated with daydreaming or put- 
ting one’s self in a state of relaxation; it is 
a form of escape from the mental pres- 
sures that are put upon us. Many primitive 
people have practiced a form of hypnosis 
for centuries. The yogis, Hindus and witch- 
doctors are examples of those who have be- 
come past masters of the art. The witch- 
doctor does not cure organic disease, but 
he does relieve the anxiety associated with 
illness and this results in increasing the 
ability of the body to cure itself. 
The functions of a physician are: (1) 


relief of pain, (2) diagnosis, (3) relief of 


anxiety, and (4) restoration of the body to 
such a physiologic state that it can func- 
tion in a manner compatible with comfort- 
able living.'! The relief of pain is the pri- 
mary concern of the patient and the physi- 
cian has been able to fill this need to a 
satisfactory extent with analgesics. The 
ability of the physician to diagnose or- 
ganic disease has been developed to a high 
degree; however, many people have or- 
ganic manifestations of functional disease 


which do not respond to medications. Relief 


of anxiety has been attempted usually with 
tranquilizers or long-acting barbiturates 
which leave the patient in a state of semi- 
stupor or with an “I don’t care”’ attitude, 
neither of which is entirely desirable. Some 
of the anxiety is alleviated by the bedside 
manner of the physician. The attempt to 
re-establish physiologic function of the pa- 
tient’s body is the ultimate goal of the 
physician. The patient is never cured by 
the physician. The body must function in 
order to maintain life after the cause of the 


disease has been removed. The surgeon 
may remove a diseased appendix, but the 
patient remains ill until a physiologic state 
compatible with life is re-established. 

A person in hypnosis is never asleep nor 
is there loss of consciousness and it is 
important for the patient to realize this. 
Many people feel that they have not been 
hypnotized because they feel so normal 
after the experience, even though extremely 
relaxed. It makes very little difference 
whether a patient believes that he has been 
hypnotized or not, since our purpose is to 
implant proper suggestions in the subcon- 
scious mind which he may follow. 

Hypnosis is brought about by the intensi- 
fication of any emotional state or sensation 
that the patient may be experiencing at the 
time of induction. It is not the purpose of 
this paper to describe the methods of induc- 
tion as they may be found in any good book 
on hypnosis. One is dealing with the pa- 
tient’s subconscious mind when the logical 
conscious mind is relatively blocked out. 
The hypnotist is giving instructions to the 
patient’s subconscious mind. The induc- 
tion of an individual into hypnosis is rela- 
tively simple, but the anticipation and 
understanding of the reactions of the sub- 
conscious mind are essential in successful 
hypnotic therapy. 

GENERAL CONSIDERATIONS 

Physicians whose primary work concerns 
the care and treatment of the cancer pa- 
tient are constantly confronted with the 
problem of either telling the patient that 
he has a malignancy or following through 
with therapy immediately after the patient 
has been given this information by his 
family physician. We are thoroughly aware 
of the extreme anxiety that these patients 


* Presented at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. 
t Clinical Assistant Professor of Radiology, The University of Texas Southwestern Medical School, Dallas, Texas. 
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experience. Anxieties usually convert to 
these five systems: the nervous system, in 
the form of headaches; the respiratory sys- 
tem, as evidenced by shortness of breath; 


the gastrointestinal system, in the form of 


nausea or diarrhea; the muscular system, 
in the form of tension or referred pain; and 


the circulatory system, in the form of 


profuse sweating or cold clamminess. The 
patient may be reassured at conscious levels 
and the information never reaching the sub- 
conscious level. Conversion symptoms come 
from the subconscious rather than the con- 
scious level. Hypnosis finds its most useful 
application in breaking through the barriers 
of the conscious mind and allowing the in- 
formation to reach the subconscious level. 

Muscle control is one of the first phe- 
nomena which occur as a patient slips into 
hypnosis. Usually the induction is a con- 
tinuous chain of suggestions of progressive 
muscle relaxation. This brings about not 
only relaxation of the skeletal muscles, 
which are under partial control of the auto- 
nomic nervous system, but also the mus- 
cles in the walls of the blood vessels and the 
muscles of the internal structures as well. 
The tone of the skeletal muscles is a func- 
tion of the autonomic nervous system and 
this is the part that we are primarily con- 
cerned with in hypnosis. As the muscles 
relax, several things occur. External pres- 
sure on the walls of the blood vessels is 
relaxed allowing greater volumes of blood 
to circulate through the muscles. The mus- 
cles in the blood vessel walls also relax fur- 
ther allowing the caliber of the vessels to 
increase and carry larger volumes of blood 
to the structures. Relaxation of the muscle 
fibers allows a better passage of intercellu- 
lar fluids, resulting in good exchange of 
fresh food and oxygen to the muscle and 
waste products from the cells back to the 
circulation, thus allowing for a good nutri- 
tional and physical state of the muscle. 
This accounts for the statement many 
people make after being hypnotized, “I 
feel as though I have had a good night’s 
sleep.”” We are all familiar with the painful 
muscles that one gets in the early spring 
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after working in the yard for the first time 
and the physical fact that muscle soreness 
is largely due to the collection of lactic acid. 
With complete muscle relaxation and in- 
creased circulation, waste products are 
readily removed. At any level of the anxiety 
state a certain degree of muscle spasm oc- 
curs. The most common site is the gastro- 
intestinal tract and may result in muscle 
spasm of the stomach or bowel, causing 
nausea, vomiting or diarrhea. If the inten- 
sification of the stimulus continues, the 
symptoms may become severe. 

To understand another situation that oc- 
curs under hypnosis, the mechanisms of 
conditioned reflexes should be reviewed. In 
hypnosis we may alter the interpretation of 
a stimulus to suit our own needs. When 
we say to a patient, “sour lemon,” fluid 
flows into the patient’s mouth and it be- 
comes necessary for him to swallow. An- 
alysis of this condition shows that me- 
chanical vibrations are set up by the pas- 
sage of an air column over vocal cords. 
These mechanical vibrations are carried 
through the air to the patient’s eardrums; 
from there they are transmitted through 
the ossicles in the middle ear to the fenestra 
in the lower end of the concha of the inner 
ear. This sets up mechanical vibrations in 
fluid in the inner ear which are received by 
the fine cilia-like nerve endings of the audi- 
tory nerve. These nerve endings are selec- 
tively stimulated by the frequency of the 
mechanical vibrations. This produces elec- 
trical impulses in the nerve receptors. These 
nerve impulses are transmitted to the sub- 
conscious center where neurons act as 
discriminators and direct the impulses 
along one of many pathways to the neuron 
in the conscious center which, in effect, is 
the interpretation center. Up to this point 
the stimulus has been merely a group of 
mechanical vibrations or electrical im- 
pulses. Now it has reached the interpreta- 
tion cell which associates it with a previous 
experience. At this pont the conscious cen- 
ter (or interpretation cells) sends back an 
impulse to the subconscious center, which 
sends an impulse to the salivary glands 
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causing them to secrete saliva into the 
mouth. The stimulus of the saliva in the 
mouth sends an impulse back to the sub- 
conscious center. This time no interpreta- 
tion is necessary. The neuron controlling 
the muscles of deglutition is stimulated 
directly and a pattern of peristaltic waves 
is set up throughout the entire gastrointes- 
tinal tract. Thus we have an extensive 
physical chain of responses set up by the 
simple mechanical vibrations of the spoken 
words, “sour lemon.” The ability of the 
hypnotist to alter the interpretation of a 
stimulus is important. The stimulus may 
be blocked out completely and may not 
reach the conscious level or the interpreta- 
tion may be altered in such a way that it 
becomes advantageous to the patient. In 
other words, this type of phenomenon is 
responsible for a re-education process so 
that a given stimulus may be interpreted 
differently. 

A practical application of the misin- 
terpretation of the stimulus is the re- 
education of the taste in those patients who 
have had their sense of taste destroyed or 
altered following treatment of carcinoma of 
the tongue or mouth. Within the past three 
and one-half years, 7 such patients have 
been treated. All of them presented prob- 
lems of nutrition. The loss of taste was their 
most common complaint. These patients 
had a physiologic interruption of the nerves 
supplying the taste receptors of the four 
basic tastes: salt, sweet, bitter and sour. 
Sometimes only one or two of these sensa- 
tions had been altered, while in other cases 
all of the taste sensations had been de- 
stroyed. It occurred to us that, if a patient’s 
cigarettes could be made to taste bitter or 
obnoxious, it should be a simple matter to 
re-educate other nerve pathways to carry 
the sensation to the proper interpretation 
centers so that whenever the nerve ending 
was stimulated by a given substance it 
would be interpreted as having the correct 
taste. At first it was thought that this 
would probably require several sessions 
with the patient, but to our amazement 5 
of these patients regained a complete sense 
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of taste after the first period of instruction 
under hynosis. Two patients required the 
second session. The patient was induced 
into hypnosis and asked to extend his 
tongue. Small cotton applicators were used 
to apply salt to the tongue. This was done 
repeatedly, each time saying to the patient, 
“This is salt, this is salt.”” The patient was 
instructed to indicate when it began to taste 
salty. The process was repeated using lime 
juice for sour, sugar for sweet, and I.Q.S. 
tonic for bitter. It was necessary to go 
through these four basic tastes over and 
over again in varying order and to ask the 
patient to identify each while under hyp- 
nosis. After the pattern was definitely 
established and the interpretation of that 
stimulus was set, the sensation became rela- 
tively permanent, and foods began to have 
a normal taste. 

Anesthesia is brought about by blocking 
out the interpretation of a stimulus be- 
tween the conscious and_ subconscious 
levels. With chemical anesthesia the path- 
way of the stimulus may be blocked at any 
level from the nerve receptor to the inter- 
pretation center. This may be done by local 
anesthesia in which the stimulus does not 
go beyond the level of the block or it may 
be done by a general inhalation or intra- 
venous anesthesia so that the stimulus is 
blocked between the subcortical and corti- 
cal neurons. Of course, this is brought about 
by the chemical blocking of the pathway. 
In hypnosis the same phenomenon is pro- 
duced by the failure to recognize or inter- 
pret the stimulus. It is quite obvious that 
the stimulus is still present but, unless it is 
interpreted in the conscious center as pain, 
no pain exists. In other words, the same 
kind of physiologic reaction that is caused 
by chemical anesthesia occurs without the 
use of a toxic agent. 


PRACTICAL APPLICATION 


Hypnosis has been used to control the 
anxiety of patients with malignancy for the 
past three and one-half years. A very care- 
ful explanation is given to the patient that 
hypnosis is not intended to replace any 
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part of the organic treatment of their 
disease but rather that it will help to con- 
trol themselves emotionally during and 
following therapy. The patients are usually 
induced into hypnosis on their first visit so 
that the anxiety and shock associated with 
their becoming aware of their disease may 
be allayed. At their first visit they are also 
given suggestions of well-being before oper- 
ation and are given a signal by which they 
can re-enter hypnosis quickly before sur- 
gery. 

The patient is hypnotized the second time 
as a pre-anesthetic agent and at this time 
is given instructions for feeling well after 
the operation is completed. 

When radium is inserted during surgery, 
the patient is instructed to disregard the 
radium needles, to eat normally and _ to 
have normal physiologic function of the 
gastrointestinal tract. In cancer of the 
uterus, radium is left in place for five days 
and the vagina is packed to its full capacity 
with gauze. These patients are put on a 
liquid diet and are given post-hypnotic 
suggestions to drink large quantities of 
fluid, to have no desire to have a bowel 
movement until the radium is removed, 
and to have normal bowel function after 
the removal of the radium. 

Patients are again hypnotized just before 
the removal of the radium and are given 
suggestions of amnesia for this entire 
period. Since they are hynotized, they have 
complete muscle relaxation, which allows 
easy removal of the radium. In many cases 
they are able to control bleeding. The pa- 
tient is ready to leave the hospital or office 
with no side reactions as soon as the radium 
has been removed. 

Approximately 50 per cent of terminal 
cancer patients who suffer severe pain are 
poor subjects and, therefore, the time re- 
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quired for hypnosis is prohibitive. These 
patients are best controlled by narcotic 
administration. The remaining $0 per cent 
of the terminal cancer patients can receive 
some degree of pain relief and relaxation 
from hypnosis. About 10 per cent of this 
latter group can be taken completely off 
narcotics. These patients constitute the 
dramatic cases. The ideal situation is to 
start using hypnosis in the early phases of 
the disease before pain becomes an impor- 
tant factor. The ability of the patient to 
hypnotize himself and to keep anxiety 
under control from the onset of the disease 
will usually eliminate the need for heavy 
narcotics and severe pain problems are un- 
likely to develop. In this last group of cases 
it is rare for the patient to require more 
than aspirin or, at most, a grain of codeine 
for pain control. Experience has taught me 
that pain is about 10 per cent organic in 
origin and go per cent emotional, which 
builds up through uncontrolled anxiety. If 
the emotional factor can be eliminated, 
only moderate analgesic agents are required 
for the control of organic pain. 

Hypnosis is useful in the care of the 
majority of patients, but approximately 20 
per cent of the patients will not readily 
go into hypnosis. When these individuals 
are encountered, one simply goes back to 
using all the drugs and sedatives that we 
have used in the past. Hypnosis does not 
replace good drug therapy. It is an addi- 
tional therapeutic agent to be used in the 
management of patients, when indicated. 
815 Medical Arts Building 
Worth, Texas 
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PRESENTATION OF 136 CASES 


CALCIFIC TENDINITIS OF THE SHOULDER JOINT 


TREATED BY IRRADIATION 


By FRANCIS P. MILONE, M.D.,* and MURRAY M. COPELAND, M.D.+ 


HOUSTON, 


HE literature is replete with papers 

dealing with various methods of treat- 
ment for calcareous tendinitis of the 
shoulder. The purpose of this presentation 
is to report 136 cases of calcareous tendini- 
tis treated by roentgen therapy with the 
immediate and long term results. A review 
of the literature has been made for further 
evaluating irradiation as a form of therapy. 
The clinical aspects and histopathology of 
the process are presented with a brief re- 
view of treatment by needling, aspiration 
and open surgery. 

Duplay?’ in 1872 first described “‘peri- 
arthritis” of the shoulder joint as a syn- 
drome. In 1906, Codman" elaborated on 
the clinical aspects of the syndrome. 
Painter®’ in 1907 first recognized calcareous 
deposits in the shoulder joint, believing 
that these deposits were calcium salts in 
the subacromial bursa. Sandstr6m and 
Wahlgren” in 1937 introduced the widely 
used term, peritendinitis calcarea. This 
entity has also appeared in the literature 
under various other names including Du- 
play’s disease, periarthritis humeroscapu- 
laris, bursitis subdeltoidea, bursitis calcu- 
losa, para-arthritis, para-articular calcifica- 
tion, periarticular calcification, subacromial 
calcification and subdeltoid calcification. 
Since calcium is deposited primarily in the 
tendon tissues and may be found secondar- 
ily in the bursal cavity due to rupture of the 
calcium contents from the tendon deposit, 
the authors feel, as do others,*>* that the 
term, tendinitis calcarea, or calcific tendin- 
itis, seems More appropriate. 


ANATOMY 


To aid in the discussion of the pathology 
ot calcific tendinitis, a brief review of the 


rEXAS 


pertinent aspects of the anatomy of the 
shoulder is presented. It is a synovial joint 
of the ball-and-socket type in which free- 
dom of motion is developed at the expense 
of stability. The head of the humerus artic- 
ulates loosely with the shallow glenoid cav- 
ity of the scapula which is deepened by the 
glenoid labrum. The capsular ligament is 
attached to the margin of this structure and 
the anatomic neck of the humerus. Rein- 
forcement of the joint capsule is maintained 
by weak ligaments (the coracohumeral and 
the glenohumeral). The tendons of the 
muscles of the musculotendinous cuff exert 
a stabilizing effect. The anterior part of the 
capsular ligament is immediately related to 
the tendon of the subscapularis muscle, the 
superior part to the supraspinatus tendon 
and the posterior part to the tendons of the 
infraspinatus and teres minor muscles. The 
long tendon of the biceps passes antero- 
superiorly in continuity with the synovial 
lining of the capsular ligament. 

There are no fewer than six bursae com- 
monly found around the shoulder joint, the 
largest and most important being the sub- 
acromial or subdeltoid bursa, which sepa- 
rates the middle fibers of the deltoid, the 
acromion and the coracoacromial ligament 
from the supraspinatus, infraspinatus, and 
subscapularis tendons. The tendon of the 
supraspinatus muscle is immediately be- 
low the floor of the subacromial bursa, and 
it is this tendon that is usually, though 
not always, involved in calcific tendi- 
nitis.!°!%947! The acromion process and 
coracoid process with the coracoacromial 
ligament form a wide superior arch to in- 
crease the joint stability. All of these struc- 
tures are covered by the deltoid muscle. 

There is little doubt that synovial tissue 
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is relatively insensitive when compared 
with the joint capsule. This has been dem- 
onstrated in both experimental work on 
animals and in patients.’° The propriocep- 
tive pain and pressure fibers terminate 
primarily in the joint capsule.” 

ETIOLOGY 

Etiologic factors include the observation 
by Wells*® that the oxidation in necrotic 
areas of tendon is at a minimum due to poor 
circulation. This results in a reduction in 
the carbon dioxide content of the tissue 
with an increased alkaline reaction, thus 
causing precipitation of calcium salts in the 
necrotic zones. Conversely, should the cal- 
cium deposit arouse an inflammatory pro- 
cess around it, the resulting hyperemia and 
increased vascularity will increase the oxi- 
dation and carbon dioxide in the tissue, 
changing the reaction from alkaline to acid 
and thus causing absorption of calcium 
deposits. 

Deposition of calcium in the necrotic 
tissue, according to some authors,” ac- 
centuates the tension already present, add- 
ing to the acuteness of the situation. Relief 
from symptoms produced by tension can be 
brought about by rupture of the bursa 
spontaneously or by mechanical means 
such as needling, aspiration or surgical ex- 
ploration. Such relief can also be accom- 
plished by the use of roentgen therapy. The 
hyperemia accompanying roentgen therapy 
probably accounts for the resorption of 
calcium in many cases so treated. 

Allergy,® lowered metabolic rate® and the 
possibility of relative vascular stasis, which 
may account for the possible stagnation of 
toxins, have been suggested as factors pro- 
ducing the changes in calcific tendinitis. 
Trauma as an etiologic factor, when con- 
sidered in terms of the relationship between 
the time of its occurrence and the develop- 
ment of symptoms, is usually ruled out, 
although occasionally trauma may tend to 
accentuate an already existent degenera- 
tive process. In only 4 of our 136 cases did 
trauma seem to be related as an immediate 
cause. Such experience has been recorded 
in other 
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PATHOLOGY 
Codman" pointed out fifty-four years 
ago that calcium deposits about the 


‘shoulder are found most frequently in the 


distal portion of the supraspinatus tendon. 
The initial lesion is a degeneration of the 
fibers of the tendons making up the rotator 
cuff of the shoulder; it lies on the floor of the 
bursa and therefore separates it from the 
shoulder joint and the cartilaginous surface 
of the head of the humerus. In this situa- 
tion, the tendon is avascular and subject to 
abnormal pressure and compression. It is 
in these degenerated areas of the tendons 
that the calcium is deposited, eventually 
reaching the tendon and surface floor of the 
bursa. The calcium deposit on occasion 
ruptures into the bursal cavity. The pres- 
ence of the degenerated material in the 
tendon was described by Codman"™:" as the 
cause of the inflammation of the tendon 
and eventually the bursa. 

The calcium deposits frequently are en- 
capsulated and foreign body giant cells 
about the deposit may be a histopathologic 
feature. Friedman* observed calcium de- 
posits in the supraspinatus tendon, in the 
majority of cases, presenting as a yellow- 
white elevation in the tendon beneath the 
bursa. Hyperemia and edema often accom- 
panied such changes without evidence of 
tear or rupture of the rotator tendons. 
Mead* and Sandstr6m™ found degenera- 
tive changes in the tendons of the joint 
capsule and bursal wall but never noted free 
calcification in the bursa. 

Pedersen and Key” reported that in their 
studies the bursae in calcareous tendinitis 
and subdeltoid bursitis contain only a small 
amount of thin, clear synovial fluid. The 
floor of the bursa is smooth except for the 
area where the calcium deposits are located. 
In such areas a furuncle-like protrusion 1s 
noted on the bursa floor with some fibrin 
adherent to the inflamed surface of the 
swelling. This focus involves the substance 
of the supraspinatus tendon, projecting 
slightly above the surrounding surface, and, 
when incised, is noted to be under a great 
deal of pressure. In those patients with 
severe pain and disability (acute type), the 
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deposits consist of a thick, creamy mate- 
rial under pressure. Following removal of 
the calcium from the tendon, the cavity 
walls are noted to be ragged and necrotic. 
In the deposits associated with chronicity, 
the walls are dry and avascular and the 
material usually is chalk-like in nature. 
These authors have also studied a variety 
of cases by making longitudinal incisions 
into the tendon on either side of the main 
or largest calcium deposit. They have en- 
countered other foci, varying in size from 
the lower limit of visibility to 1 cm. or more 
in diameter. These foci are not necessarily 
visible in the roentgenogram, nor is there 
any indication of their presence on exam- 
ination of the surface of the tendon. 

Sandstr6m and Wahlgren” have found, 
by tendon biopsy, thickening of the media 
of small arteries with resultant stenosis or 
total occlusion of the lumen, leading to 
ischemia. Granulation tissue with evidence 
of vascularization exists around the calcium 
deposits. In cases previously treated with 
roentgen therapy, this granulation tissue 
was found to be more extensive than in 
those cases which were not irradiated. 

Chemical analysis of the calcium de- 
posits shows that they are similar to 
The ratio of calcium to phos- 
phorus is 2:3; calcium phosphate and car- 
bonate make up 70.3 per cent of the dry 
weight (58 per cent and 12.3 per cent, 
respectively), and about 30 per cent is 
organic material. Codman® reported that 
44.2 per cent of the calcium compounds 
was made up of calcium oxalate. Traces of 
magnesium, sulfur and cholesterol were 
found but uric acid was noted to be absent. 
Pedersen and Key were unable to dem- 
onstrate the presence of fat or soaps, al- 
though Klotz® believed that this always 
preceded deposition, being a prerequisite 
for fixation of the calcium. 

Cultures have shown the calcium to be 
sterile. The calcium content of the blood 
has been studied*? and found to be within 
normal limits. 


INCIDENCE 


Bosworth,* in his survey of 12,122 shoul- 
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ders, found calcium deposits in 2.7 per cent 
of those cases without symptoms. These 
examinations were by fluoroscopy, with 
roentgenography when calcium deposits 
were suspected. As a result, thin deposits 
could have been overlooked. Marked clini- 
cal symptoms at some time were present in 
34.4 per cent of those cases in which there 
was roentgen evidence of calcification. In 
other series!*:!*:*8 of roentgen examinations 
of painful shoulders in the general popula- 
tion, the incidence of calcification has con- 
sistently been between 43 and 44 per cent. 

Sandstrém," in a follow-up of 20 patients 
having asymptomatic calcium deposits in 
the shoulder, noted that 12 of them became 
symptomatic within a five year period. 
Arner et al.’ in a follow-up of 85 cases of 
calcific tendinitis of the shoulder joint over 
a period of three and one-half years, ob- 
served that calcareous deposits developed 
eventually in the “‘sound shoulder,” so that 
more than half of these patients eventually 
had bilateral calcium deposits with or with- 
out symptoms. 


CLINICAL FEATURES 
A total of 226 patients have been fol- 
lowed in the Oncology Department of the 
Georgetown University Hospital during 
the past decade for evaluation of shoulder 
pain. Following extensive study and careful 
exclusion of other sources of pain, a total 
of 136 cases with roentgenographic evi- 
dence of tissue calcification in the shoulder 
joint region prior to roentgen therapy was 
found satisfactory for this presentation. 
The diagnosis of calcific tendinitis is 
based upon an adequate history, physical 
examination and roentgen studies. Pain and 
tenderness are usually situated just lateral 
to the distal end of the acromion. This is 
frequently accentuated by motion. Insom- 
nia due to the severity of the pain may be 
elicited from the patient in taking his his- 
tory. There is usually no significant associ- 
ated illness in the past history. Occupation 
bears little or no relationship. Only 2 pa- 
tients in this series had concurrent renal 
calcification and in neither of these was 
there evidence of parathyroid disease. 
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Physical examination often revealed limita- 
tion of motion most marked in abduction, 
internal or external rotation. 

The average age in our series of patients 
was 45.2 years,®!9.54.67,73,82 The age range 
was 26 to 67 years, with 76 per cent of the 
individuals being between the ages of 35 
and §¢. 

Calcific tendinitis occurred in a ratio of 
2:1, with the predominance existing in the 
female group (63.2 per cent to 36.8 per 
cent).*! Some reports have 
neither sex predominating.” 

The right shoulder was involved in 61.1 
per cent of the cases, the left shoulder in 
30.1 per cent, while 8.8 per cent had bilat- 
eral involvement. Other series*:®:***:* also 
have shown that the right shoulder is more 
frequently involved. It would appear that 
excessive use of this arm (most people are 
right-handed), especially in the abducted 
position, may be responsible, through an 
accumulative effect, for the advanced de- 
generative change, as mentioned by De- 
Palma.'® 

Ninety-one cases (68 per cent) were 
noted to have a point of tenderness most 
pronounced over the greater tuberosity of 
the humerus (site of the insertion of the 
supraspinatus tendon). Skin or tempera- 
ture changes were usually not found. 


shown 


ROENTGEN FINDINGS 


Proper roentgenographic examination of 
the involved shoulder will reveal the posi- 
tion of the calcific deposits. This should 
include posteroanterior roentgenograms of 
the shoulder with both internal and ex- 
ternal rotation of the humerus. Extreme 
external rotation will show a deposit situ- 
ated in the subscapularis tendon; full inter- 
nal rotation will reveal changes in the teres 
minor tendon, while moderate internal ro- 
tation will demonstrate calcium in the in- 
fraspinatus tendon. The use of special 
roentgenographic techniques, such as the 
short focal spot with magnification and 
with or without intensification, will demon- 
strate many and widespread calcific foci not 
shown by the routine roentgenographic 
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methods.** Soft tissue roentgenography 
may be necessary to demonstrate calcific 
deposits in the acute cases.° 

We have found, as have others,***” that 
statistically there is no significant correla- 
tion between the roentgenographic appear- 
ance of the deposits and the clinical fea- 
tures of the condition, nor is there any re- 
lationship between the size of the calcium 
deposits and the severity of the symptoms. 
The amount of calcium present varies di- 
rectly with the density of the shadow which 
the deposit casts on the roentgenogram; 
the thin, milk-like material presents as a 
faint shadow while a large chalky deposit 
produces a dense homogeneous shadow." 
The calcium deposit usually appears as a 
well-defined, thin, round, oval or multiloc- 
ular shadow usually located in the antero- 
superior region of the shoulder just above 
the greater tuberosity or under the acro- 
mion. In our series, 117 cases (86.6 per cent) 
had roentgenographically demonstrable 
calcium deposits in the region of the su- 
praspinatus tendon. 


CLASSIFICATION 

For a proper evaluation of the results of 
therapy, a practical clinical classification of 
the cases reported is essential. Our classi- 
fication differs from that usually presented 
in the literature in that we have added a 
fourth group, 7.e., chronic cases with acute 
exacerbation. An acute exacerbation fol- 
lowing a chronic phase is a prognostic sign 
indicating a favorable response, as con- 
trasted with the chronic cases showing no 
exacerbation. 

1. Acute. Those patients with a sudden 
onset of pain in the shoulder, accompanied 
by spasm of the surrounding muscles and 
acute tenderness in the area of the involved 
tendon. Pain is most severe in extreme 
abduction and/or internal or external ro- 
tation. Duration of symptoms, from a few 
days to two weeks. 

2. Subacute. Characterized by aching 
pain in the shoulder, moderate limitation of 
movement, but little or no localized ten- 
derness over the tendon. Pain is accentu- 
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ated with motion of the shoulder in abduc- 
tion or rotation. Duration of symptoms, 
three to eight weeks. 

3. Chronic. Those patients with dull, 
persistent and chronic pain. No limitation 
of motion or point tenderness is usually 
noted. In some individuals, pain is absent 
and recurs only with extreme motion. Dur- 
ation of symptoms, three or more months. 

4. Chronic with Acute Exacerbation. 
Those whose symptoms are similar to the 
chronic group but who experience a sudden 
exacerbation of severe pain, attended by a 
marked degree of limitation of motion of 
the shoulder with tenderness over the in- 
volved bursa. 


TREATMENT 


Various forms of treatment have been 
advocated since this entity was first de- 
scribed, including ammonium chloride, iron 
cacodylate, irradiated blood, vitamin A, 
penicillin, physical therapy, ultrasonic 
waves, traction, diathermy, needling and 
aspiration of calcific deposits, open surgery 
with excision of the calcium, and irradia- 
tion. There are those who feel that no 
specific therapy is necessary but that re- 
gression of symptoms and absorption of 
calcium deposits will result if given sufh- 
cient time.**-® It is generally accepted that 
conservative therapy should be tried before 
any extensive surgical procedure is em- 
ployed. The most successful conservative 
methods used thus far are: (1) needling and 
aspiration of the calcific deposits followed 
by the injection of procaine and hydrocor- 
tisone; and (2) roentgen therapy. 


NEEDLING AND ASPIRATION 

Needling is a conservative method of 
surgical decompression in the treatment of 
calcific tendinitis. This procedure consists 
of local infiltration of the calcific deposit 
with a 2 to 4 cc. suspension consisting of 
equal parts of a 1 per cent local anesthetic 
(procaine, novocaine, etc.), and hydrocor- 
tisone, which is disseminated throughout 
the inflamed tissues to exert an anti-inflam- 
matory effect. 
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Mead presented 47 acute cases of cal- 
cific tendinitis treated by one injection. 
Results were excellent in 40 of these 47 
cases, with 33 experiencing prompt relief. 
Of the 35 chronic cases with acute exacer- 
bation, 25 had an excellent response, with 
20 receiving prompt relief. Treatment of 
subacute and chronic cases resulted in an 
indefinite response. 

Harmon* presented a series of 496 cases 
subjected to approximately 750 separate 
puncture or needling procedures. During 
the past few years he has used a 2 to 4 cc. 
suspension of 0.§ per cent xylocaine or 
cyclaine and hydrocortone (25 mg. per cc.) 
or prednisolone (25 or 30 mg. per cc.). 
Clinically, excellent results were obtained 
by this method alone in 314 shoulders (78.9 
per cent), with disappearance of symptoms 
in fourteen days or less after the last injec- 
tion. Two hundred and sixteen shoulders 
($4.3 per cent) required two or more injec- 
tions. The most dramatic response was 
found in those shoulders demonstrating 
significant or moderately acute symptoms. 
Harmon feels that there is less pain and less 
need for sedation with the use of cortone 
drugs than with local anesthetics alone. 

Friedman™ reported relief of pain in 64 
of 75 acute shoulders and Quigley®™ in Ig 
of 25 similar cases, using the injection 
technique. The latter author states that the 
addition of hyaluronidase to the procaine 
hydrocortisone mixture definitely improved 
the clinical results. Hyaluronidase enhances 
the dissemination of the hydrocortisone in 
the involved tissues. 

Murnaghan and MclIntosh®* treated 27 
patients with xylocaine injections and 2 
with hydrocortisone alone. They concluded 
that there was no difference in the results 
for the two groups and consequently ex- 
pressed doubt as to the effect of hydrocor- 
tisone upon calcific tendinitis. 

Krook*’ treated 6 cases of calcific ten- 
dinitis with penicillin and improvement 
was noted in three days in all cases. After 
twelve days all patients were able to con- 
duct their usual work. Although this series 
was small, the author felt it indicated a 
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possible bacterial etiology of calcific ten- 
dinitis. 

Although complications are infrequent 
with the needling and aspiration procedure, 
constant caution must be exercised to pre- 
vent the introduction of bacteria into the 
joint. 


SURGERY 


In the surgical approach to treatment of 
calcific tendinitis, a transverse or, prefer- 
ably, a longitudinal incision is made in the 
skin lateral to the acromion process and 
exposing the deltoid muscle, which is then 
split, revealing the subdeltoid bursa. The 
calcium deposits are excised from the su- 
praspinatus tendon through the bursa." 
Pendulum exercises are initiated the first 
day following surgery and most patients 
return to work in three or four days. 

Pelland and Hoftman® reported com- 
plete relief of all symptoms in 36 of 38 pa- 
tients who had excision of the calcium 
deposits. Harmon* also performed direct 
surgical excision of calcific deposits in 104 
cases. In three to five days, 83 cases (79.8 
per cent) achieved full active motion. He 
contrasted the incidence of postoperative 
pain and stiffness following surgical excision 
(20 per cent) with that observed following 
injection of local anesthetics and needling 
(66.6 per cent). The follow-up period ex- 
tended from six months to eight years in 
these 83 patients (92 shoulders). Roentgen- 
ograms were made every six months for 
two years and at intervals of from one to 
two years thereafter. In no case in which 
there had been complete initial removal of 
all the deposits was any increase or redep- 
osition of calcium noted. Less satisfactory 
results were obtained in noncalcific ten- 
dinitis. It was not necessary to carry out an 
excisional operation in any case of calcific 
deposit in the subscapularis tendon as none 
presented with acute symptoms. All re- 
covered following needling and sedation. 

Other surgical procedures, such as exci- 
sion of the acromion process?’** or partial 
outer claviculectomy,” will not be dis- 
cussed in this paper. 
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ROENTGEN THERAPY 

Technique. Our experience in treating cal- 
cific tendinitis is limited to patients receiv- 
ing roentgen therapy. The patients selected 
had not had previous irradiation. The 
treatment consisted of administering 150 r 
as measured in air on each of three consecu- 
tive days, alternating between three por- 
tals about the shoulder. The following 
physical factors were used: 250 kv. and 
filtration equivalent to 1.95 mm. Cu half 
value layer; 15 ma.; source target distance 
of 50 cm.; and a portal size of 10X10 cm. 
The portals included an anterior, posterior 
and lateral field. Some overlap of the fields 
occurred. 

A review of the literature indicates that 
the various techniques used in roentgen 
therapy are not markedly different.°:'5:7949! 
There appears to be little benefit in thera- 
peutic effect from the use of deep as con- 
trasted with superficial roentgen therapy. 

The reason for a favorable response to 
roentgen therapy in symptomatic calcific 
tendinitis has never been clearly deter- 
mined. Certain biologic effects of irradia- 
tion, however, are known. The hyperemia 
which occurs after specific dosages of roent- 
gen therapy improves circulation. It may 
be postulated that this brings about a re- 
duction of edema and pressure on the 
nerve endings which cause pain about the 
joints, and that possible toxins which may 
be present are removed. Improvement in 
the inflammatory process may also be due 
to the liberation of antibodies through de- 
struction of leukocytes. Furthermore, ir- 
radiation may aid in the removal of calcium 
by the production of hyperemia. 

Results. A review of the more recent re- 
ports in the literature concerning results of 
treatment is presented in Tables 1, 11, and 
11. Due to the various methods of grading 
of results, the reports of Arner e¢ a/.’ pre- 
sented in Table 11 and those of Garber” and 
Mann* in Table 111 seem pertinent. In the 
patients classified as having acute symp- 
toms, favorable results vary from 87 to 100 
per cent, and in those classified as chronic 
from 33 to 95.5 per cent had a favorable 
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TABLE I 


RESULTS OF ROENTGEN THERAPY IN CALCIFIC TENDINITIS OF THE SHOULDER 
FROM RECENT REPORTS IN THE LITERATURE 


Favorable Results (Per Cent) 


N 
Author Ca of 
ases 
. Acute Subacute 
Kratzman and Frankel* 220 98.12 95.65 
93.72 | 93-75 
Hodges and Boyer® 200 89.00 | 75.00 
Young’ 87 87.00 82.00 
Chapman" 54 94.00 | 77.00 
Shoss and Otto™ 96 97.30 
gs 60 
Witt and Titterington™ 50 96.00 
Abel and Lomhoft! 134 88.00 | 84.00 


course. Adequate late follow-up results 
were recorded in two series—Kratzman and 
Frankel,“* and Shoss and Otto” (Table 1). 
In both series, the response in the acute 
group is essentially equal. The discrepan- 
cies of results in the various reports in 
Tables 1, 11, and m1 may result from varia- 
tions in interpretation of the clinical data 
by the authors. 

In our series of cases an excellent re- 
sponse was recorded if the patient exhibited 
complete subjective and objective relief. 
Only those patients who were totally as- 
ymptomatic following roentgen therapy 
were included in this group. Those classi- 
fed as having a good response were patients 
who experienced only minimal tenderness 


Remarks 

Chronic 

75.54 Immediate results 

80.64 Late results (three months or more) 

No evaluation 

33.00 

33 

87.50 Immediate results 

95.50 Late results (eight months or more) 
85.00 


on palpation, with occasional or no pain 
and no limitation of motion. (It is to be 
noted in Tables tv and v that the excellent 
and good results are totaled in the column 
titled ““Total Favorable Response.’’) Any 
patient not showing a favorable response 
was automatically registered in the poor 
Many patients in the 
latter group did experience some sub- 
jective and objective relief but not to the 
degree that warranted classification into 
the favorable response group. Due to the 


response category. 


strictness of classification, our results show 
a slightly higher percentage of patients 
with a poor response when compared with 
those in the literature. 

In all cases, calcific deposits were dem- 


TABLE I] 


RESULTS OF ROENTGEN THERAPY FROM THE 


Favorable Results (Per Cent) 


Chronic 
No. of 


with 

ases . 

. Acute | Chronic! Acute 
Exacer- 
bation 

8o 100 91.7 


LITERATURE REPORTED BY ARNER ET AL.® 


Remarks 


Late results (three and one-half years) 


El 
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Tasce III 
RESULTS OF ROENTGEN THERAPY FROM THE LITERATURE REPORTED BY GARBER” AND MANN™ 
Over 50 Per Cent Reso- 
Good Clinical Response lution of Calcium Failures 
Author No. of Cases after TherapyT 
No. Per Cent No. Per Cent No. Per Cent 
Garber® | 64 60 93-75 31 51.6 4 6.25 
Mann 50 47 94.00 3t 6.00 


j 
1 


+ Roentgen evidence of calcium disappearance was note: 


on subsequent roentgenograms. 


t These 3 cases, listed as failures because of recurrence six months to one year later, responded satisfactorily to a second course 


of irradiation. 


onstrated in the shoulder joint by means of 
roentgenographic studies prior to the initia- 
tion of therapy. The results of treatment 
for the period of immediate evaluation 
(three days to four weeks) are presented in 
Table 1v (136 cases). Table v shows the 
results in 50 cases followed longer than 
three months. 

In the immediate follow-up period, 54 
patients were classified in the acute cate- 
gory. Forty-nine patients (90.7 per cent) 
obtained a favorable response; only 5 acute 
patients (9.3 per cent) exhibited a poor 
response. In 30 (80 per cent) of the 40 pa- 
tients who showed an excellent response, 
marked improvement of all signs and symp- 
toms began during the three day treatment 
period. This early improvement did not 
occur in a high percentage of the other 
groups. 


Those patients classed as subacute and 
chronic with acute exacerbation had a 
favorable treatment response in 78.6 per 
cent and in 77.3 per cent, respectively. An 
appreciable drop in favorable results was 
noted in the chronic group (62.5 per cent). 
Those patients with chronic disease had 
less response to irradiation immediately 
after the treatment period than did those 
with the acute disease or the chronic dis- 
ease with exacerbation. 

Long term follow-up was carried out by 
means of questionnaires sent to the refer- 
ring private physicians with only fair re- 
sponse (Table v). While the statistics are 
not of significance, it is interesting to note 
that a favorable response of 100 per cent 
was noted in the long term follow-up of 18 
patients originally classified as acute. Five 
of these individuals had experienced a poor 


TABLE IV 


IMMEDIATE RESULTS OF 


ROENTGEN THERAPY 


IN THE PRESENT SERIES 


(THREE DAYS TO FOUR WEEKS) 


Classification | Cases Excellent 
No. |Per Cent 
Acute 54 40 74.0 
Subacute 14 7 50.0 
Chronic } 24 12 50.0 
Chronic with Acute 
Exacerbation 44 21 


Total 


No. 


Response 


Total Favorable 


10 
Good Response Poor 

Per Cent) No. /|Per Cent} No. /Per Cent 

16.7 49 gO.7 5 9-3 

28.6 I] 78.6 21.4 

2.§ 15 62.5 9 37.5 

| 29.6 34 10 22.4 


9 
4 
3 
13 
| 136 
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TABLE V 


LONG TERM RESULTS OF ROENTGEN THERAPY IN THE PRESENT SERIES 
(THREE MONTHS TO TEN YEARS) 


Classification Excellent 
Cases 
No. Per Cent) No. 
Acute 18 16 88.80 
Subacute 2 50.00 
Chronic 12 6 50.00 
Chronic with Acute 
Exacerbation 16 11 68.75 
Total 50 


response in the period immediately follow- 
ing treatment but, in the long term follow- 
up covering two to four years, 4 of these 
patients are now shown as having a favor- 
able response. 

[It would appear that patients with the 
acute syndrome, when followed over a long 
period of time, may continue to show an 
increasingly significant favorable response 
to radiation therapy. Of the group classified 
as chronic with acute exacerbation, 3 of the 
10 patients having a poor response in the 
immediate follow-up period were noted to 
have a favorable response in the long term 
follow-up. In the chronic group, 4 of the g 
patients with a poor response in the period 
immediately following irradiation exhibited 
a favorable response in the long term pe- 
riod. In the group of patients classified as 
chronic with acute exacerbations, there is 
an increase of 10 per cent in the favorable 
response group evaluated over the long 
term period as compared with the immedi- 
ate follow-up period. 

Fifteen cases (11 per cent) required re- 
peat therapy consisting of a second course 
of irradiation (150 rX3 days), the results 
of which are listed in Table v1. The therapy 
was usually administered within a ten to 
sixty day period after the first course be- 
cause of recrudescence of symptoms. Re- 
peat treatment was given in individual 
cases at thirteen months, two years, four 
vears, and, in one instance, at seven 


Response 


Total Favorable 


Good Response Poor 
Per Cent No. | Per Cent! No. | Per Cent 

11.20 18 100.00 

25.00 4 75.00 I 25.00 
16.66 8 66.66 4 33-34 
18.75 14 87.50 2 12.50 


vears. If continued poor response is noted, 
further orthopedic evaluation is necessary. 

Seven patients noted an exacerbation of 
symptoms during the seventy-two hour 
treatment period but subsequently pro- 
gressed to a favorable response. These 7 
are classified as follows: acute 3, subacute 
1, and chronic with acute exacerbations 3. 
Steen and McCullough” believe that such a 
response during treatment is a good prog- 
nostic sign. They also suggest that those 
patients who have received other types of 
therapy prior to roentgen irradiation ob- 
tain less favorable results than those who 
have not received prior therapy. This has 
not been our experience. Of those patients 
obtaining a favorable response in the im- 
mediate post-treatment period, approxi- 
mately 50 per cent in each group had 
received previous local therapy (i.e., dia- 
thermy, heat, procaine and/or intra-articu- 
lar hydrocortisone) which apparently had 
had little or no effect on the response to 
roentgen therapy. 

In those cases where follow up roentgen- 
ograms were available, complete disap- 
pearance of calcium deposits was noted. In 
most instances these studies were obtained 
eight months after therapy, although this 
does not imply that the process of calcium 
removal requires such a long period. In 
the literature*® intervals of time for the 
disappearance of calcium vary from two 
days to six months in those patients treated 
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TABLE VI 


glo 
RESULTS IN 
Immediate 
Classification Response 
Acute Excellent 
Acute Good 
Acute Poor 
Acute Good 
Acute Poor 
Acute Good 
Subacute Poor 
Subacute Poor 
Subacute Poor 
Subacute Poor 
Chronic Good 
Chronic Poor 
Chronic with Acute Exacerbation Excellent 
Chronic with Acute Exacerbation Poor 
Chronic with Acute Exacerbation Poor 


by irradiation. Clinical symptoms entirely 
disappear long before the calcium is com- 
pletely resorbed.** Many patients in whom 
the deposit was unchanged on follow-up 
roentgenograms obtained a favorable re- 
sponse. 


DISCUSSION 

Klein and Klemes* reported that: (a) 
following incision and curettement of cal- 
cification in tendon sheaths about the 
shoulder a two to five day disability was 
observed; (b) following roentgen therapy 
the average period of disability was ten 
days, with reduction of the calcification; 
and (c) following physiotherapy the aver- 
age period of disability was about fifty 
days, with or without reduction of calcifica- 
tion. 

In our patients who had the acute syn- 
drome with an excellent response, 80 per 
cent noted a definite improvement within 
seventy-two hours after roentgen therapy. 
Pendergrass and Hodes® state: “Ordinarily 
the acute symptoms subside in one or two 
weeks without treatment. The usual course 
in patients benefited by irradiation is less 
than one week.” Shoss and Otto,” using 
roentgen therapy, found that half of their 
acute cases exhibited a satisfactory remis- 
sion in one week. 


1§ PATIENTS RECEIVING AN ADDITIONAL COURSE OF ROENTGEN THERAPY 


Interval between 


End Result 


Treatments 

13 months Good 

2 weeks Good 

2 weeks Excellent 
2 weeks Excellent 
2 years Excellent 
2 months Poor 

1 month Poor 
10 days Good 
10 days Excellent 
2 weeks—second course Poor 

7 years—third course 

1} months Good 
10 days Poor 

4 years Excellent 
2 weeks Good 

3 weeks Excellent 


Several authors**** state that no spe- 
cific therapy is necessary, since the com- 
plete alleviation of symptoms and disap- 
pearance of calcium will occur in a matter 
of time. Mead* reports that pain subsided 
in three to seven days without therapy and 
roentgenograms of the shoulders in these 
patients showed diminution or disappear- 
ance of calcium deposits during the con- 
valescent period. Jones** reports “‘spon- 
taneous” recovery with absorption of the 
calcified deposits in fourteen to twenty- 
eight days in 6 cases treated with simple 
rest, heavy sedation and active movements 
within tolerance. Plenk® made a study of 
38 patients, 21 of whom received irradia- 
tion; the remaining 17 were used as a con- 
trol group and had been placed in front of 
the roentgen-ray unit but a 5 mm. lead 
shutter prevented any radiation exposure. 
He reported satisfactory results in both the 
treated and the control group, the average 
period for improvement being eleven days 
in each group. Plenk reasoned that, in the 
acute cases, the calcified tendon sheath is 
under tension and ruptures with deposition 
of the calcareous material into the bursa; 
this is readily absorbed in a matter of days 
or weeks, with acute pain subsiding without 
therapy. In the chronic cases, accumulation 
of calcified necrotic material in the tendon 
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is not rapid or extensive enough to lead 
to rupture. 

While we feel that most cases of symp- 
tomatic calcific tendinitis will improve in 
time without treatment, use of the accepted 
methods of therapy is desirable to prevent 
patients from suffering long-continued dis- 
ability and discomfort. With conservative 
means, such as roentgen therapy and/or 
needling and aspiration with injection of 
procaine and hydrocortisone, one can lessen 
the period of morbidity and attempt to 
prevent such complications as adhesive 
capsulitis, which may result from continued 
immobilization due to pain. With early 
mobilization made possible by therapy and 
active exercises, patients are able to return 
to normal living without apparent diff- 
culty. Splinting the affected area should be 
avoided.*” 

Success in the treatment of calcific ten- 
dinitis of the shoulder depends upon the 
severity of symptoms. Acute cases respond 
dramatically to conservative treatment. 
Roentgen therapy is a highly successful 
form of treatment for calcific tendinitis of 
the shoulder, producing favorable results 
equal to those of the needling and aspira- 
tion procedure with local anesthetic and 
hydrocortisone injection. Those cases which 
respond poorly to repeated conservative 
therapy require surgery; however, irradia- 
tion is preferable for those patients with a 
cardiac or hematologic problem which 
can present obvious complications for sur- 
gery. 

Garber” believes that there is no signifi- 
cant difference in the clinical end result, 
whether calcification is present or not. 
After careful study of 25 patients having 
tendinitis without calcification, we feel that 
roentgen therapy is contraindicated in this 
group because of the usually poor response 
and, in some cases, exacerbation of symp- 
toms. These patients should be under the 
care of an orthopedic surgeon for full eval- 
uation and care. 


SUMMARY 
I. An analysis of 136 cases of calcific 
tendinitis of the shoulder treated by roent- 
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gen therapy is presented, with immediate 
and long term follow-up studies. 

2. A clinical classification is given and 
the differences in the results of roentgen 
treatment are shown by a comparative 
study of the various clinical groups. Pa- 
tients with the acute syndrome experience 
the most favorable response from roentgen 
therapy in both the immediate and late 
follow-up periods. 

3. A discussion of the etiology, pathol- 
ogy and other forms of treatment of cal- 
cific deposits about the shoulder joint is 
included. 

4. Data from the literature concerning 
roentgen therapy of calcific tendinitis are 
tabularly compiled. 


Murray M. Copeland, M.D. 
M. D. Anderson Hospital and Tumor Institute 


Texas Medical Center 


Houston, 25, Texas 
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CHRONIC MYELOGENOUS LEUKEMIA FOLLOWING 
I' THERAPY FOR METASTATIC THYROID 
CARCINOMA* 


REPORT OF A CASE AND SOME CONSIDERATIONS 
ON THE ETIOLOGIC FACTORS 


By AHSEN OZARDA, M.D.,t UMIT ERGIN, M.D.,t and MERRILL A. BENDER, M.D.§ 


BUFFALO, NEW YORK 


HE association between the exposure 

to ionizing radiation and the subse- 
quent development of leukemia has been 
commented upon for many years. Within 
the last ten years the use of radioactive 
isotopes in biology and medicine has been 
considerably increased and many attempts 
made to treat malignant tumors and allied 
diseases. I'*! has been the treatment of 
choice for hyperthyroidism and some meta- 
static thyroid cancers and P*® is used for 
polycythemia vera. There have been occa- 
sional reports of leukemia possibly attribut- 
able to these agents. 

In the current literature, 8 cases of leu- 
kemia have been reported following I'*! 
therapy (Table 1).':?%7:!?:5.16 In 6 of these 
cases, I'*! was the main source of radiation 
administered except for that from diagnos- 
tic roentgen-ray procedures. In 2 cases, ra- 
dium or roentgen-ray therapy was also 
given. There were 4 cases of acute myelo- 
blastic, 2 
acute lymphoblastic, and 1 of acute (pos- 
sibly monoblastic) leukemia. The intervals 
between the administration of I'*' and the 
diagnosis of leukemia ranged from 7 to 42 
months. 

The present report deals with a case of 
chronic myelocytic leukemia which devel- 
oped 40 months after the institution of ['*! 
therapy. 


REPORT OF A CASE 
A seventy-year old white female who under- 


went maximum thyroidectomy in June, 1953, 
was found to have a large adenomatous goiter 


* From Roswell Park Memorial Institute, Buffalo, New York. 
+ Senior Cancer Research Radiologist. 

t Former Chief Resident, Department of Internal Medicine. 

§ Chief, Department of Nuclear Medicine. 


of subacute myeloblastic, 1 of 


with cystic degeneration. There was also sub- 
sternal extension. Repeat histologic sections 
revealed alveolar adenocarcinoma of the thy- 
roid gland with vascular invasion. 

In November, 1953, the patient was referred 
to the Roswell Park Memorial Institute with 
complaints of difficulty in swallowing, hoarse- 
ness, nervousness, palpitation, weakness, swell- 
ing of the left neck and dizziness. She had re- 
ceived tapazole therapy for a brief period. The 
history was otherwise negative except for known 
hypertension of several years’ duration. On 
admission, the patient was seen to be a moder- 
ately obese female with dry skin and hair. The 
blood pressure was 170/110 and the pulse rate 
was 80 with a regular rhythm. Local examina- 
tion of the neck showed some induration still 
present from the previous surgery. There was 
also a mass over the anterior neck. Urine anal- 
ysis, original chest roentgenograms and bone 
survey studies were negative. Blood cell counts 
were within normal limits. Other laboratory 
findings were not remarkable. 

The patient was referred from the Head and 
Neck Service for consideration of treatment. 
I'3! uptake and excretion studies were done and 
revealed a 30 per cent retention over the ante- 
rior neck, and a $0 per cent excretion in 48 
hours. The resulting 20 per cent deficit sug- 
gested functioning metastases elsewhere in the 
body. Scanning studies revealed residual func- 
tioning thyroid tissue in the right neck region. 

In view of these findings and since no further 
surgical intervention was indicated, the pa- 
tient was considered for I"! therapy. On May 24, 
1954, she received the first course of I'*! con- 
sisting of 95 mc. On July 12, 1954, the second 
course was administered with a dose of 104.7 
me. On August 31, 1955, I'*! uptake and excre- 
tion studies revealed less than 1 per cent uptake 


gl4 


1961 


4 


Reported Cases* 


Dameshek and Gunz® 


Blom e¢ 


Murphy" 


Murphy" 


Seidlin e¢ 


Abbott e¢ a/.! 
Moloney’? 


Delarue 
Present authors 
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TABLE | 


CASES OF LEUKEMIA FOLLOWING |! THERAPY 


Diagnosis 


Metastatic thyroid 
carcinoma 

Metastatic thyroid 
carcinoma 

Metastatic thyroid 
carcinoma 


Metastatic thyroid 
carcinoma 


Hyperthyroidism 


Hyperthyroidism 
Hyperthyroidism 


Hyperthyroidism 
Metastatic thyroid 
carcinoma 


Dose of 


324 mcf (total dose 


over I3 months) 
258 mcf (total dose 
over § months) 
1,600 me (period 
for total dose 
not stated) 
1,455 me (period 
for total dose not 
stated) 
2.1 me (total dose 
within 4 months) 
17 me (one dose) 
7.1 me (total dose 
within 2 months) 
5.5 me (one dose) 
346.7 me (total 
dose within 15 


Time Interval be- 


tween the First Dose 


of It and Diag- 
nosis of Leukemia 


Probably 2-3 years 
Less than 1 year 


Not definitely 
stated, probably 
3-4 years 

Not definitely 
stated, 2—} years 


18 months 


18 months 

Probably 18-20 
months 

22.5 months 

40 months 


gis 


of Leukemia 


Probably acute 
monoblastic 
Acute myeloblastic 


Subacute myelo- 
blastic 


Subacute myelo- 
blastic 


Probably acute 
myeloblastic 

Acute myeloblastic 

Acute lymphoblastic 


Acute myeloblastic 
Chronic myelocytic 


months) 


An additional case of acute myeloblastic leukemia was reported in Clinical Radiology, April, 1960 after this manuscript was com- 


pleted. 


+ Radium therapy had been given 6 years prior to I'*! treatment. 


¢ Roentgen therapy with 3,g00 r had been given to the neck 3 years prior to I'*! treatment. 


over the neck and 72 per cent excretion in 48 
hours (a 27 per cent deficit). Therefore, it was 
decided to re-treat her and she received a third 
dose of 137.7 mc on October I4, 1955. The 
urine assay at 48 hours revealed the retention 
of 25 per cent of the administered dose. Subse- 
quent I! tracer studies did not reveal any ap- 
preciable deficit. In the most recent study, a 3 
per cent uptake was found over the anterior 
neck and 8g per cent of the dose was excreted 
in 48 hours. Therefore, no significant deficit 
was found. The total dose of I'*' administered 
to this patient was 346.7 me. 

The patient’s clinical course remained satis- 
factory and the suspicious mass in the neck was 
considerably decreased in size. During the 
follow-up examination in September, 1957, the 
white blood cell count was disclosed to be 
60,000 as an incidental finding. Differential 
counts revealed myelocytes 3 per cent, juvenile 
polymorphonuclears 21 per cent, segmented 
polymorphonuclears 52 per cent, lymphocytes 
I7 per cent, monocytes 3 per cent, eosinophils 


1 per cent, basophils 3 per cent. On a later fol- 
low-up, the white blood cell count was 33,000 
with similar differential counts. On October 31, 
1958, the white blood cell count was 144,250; 
differential counts were neutrophils 22 per cent, 


juvenile polymorphonuclears 24 per cent, 


stabs 33 per cent, myelocytes 8 per cent, pro- 
myelocytes 5 per cent. The hemoglobin was 
10.8, hematocrit 37 per cent. The red blood cell 
count was 3,360,000, bleeding time I minute 20 
seconds, clotting time 12 minutes 50 seconds. 
Sedimentation rate was 28 per hour; platelet 
count was 325,000. 

During the period from 1957 to January, 
1959, follow-up chest roentgenograms showed 
a right anterior mediastinal mass which pro- 
gressively increased in size, possibly due to 
lymph node enlargement. In January, 1959, 
the white blood cell count was 174,000. The 
patient was pale and weak; the liver and spleen 
were moderately enlarged. A bone marrow 
study was attempted but no material could be 
obtained since the patient was uncooperative. 
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DISCUSSION 


In this patient it cannot be determined 
whether the development of leukemia was 
related to the administration of I" or 
whether it arose spontaneously as an inde- 
pendent disease. However, there is little 
doubt that leukemia has appeared more 
frequently in patients treated with ionizing 
radiation, such as I'*', than would be ex- 
pected to occur by chance, particularly 
when relatively high doses of I'*! have been 
used. The individual risk involved in diag- 
nostic examinations should also be borne in 
mind. Some patients who undergo roentgen 
examinations may well receive significant 
exposures during their follow-up periods. 
As a matter of fact, some patients have 
many roentgenographic and several fluoro- 
scopic examinations performed during their 
routine check-ups. Since the effects of ioniz- 
ing radiations are cumulative, any exposure 
during the life span of the individual should 
be recorded. Because of this, we have at- 
tempted to estimate the cumulative dose 
that this patient received from different 
sources of ionizing radiation during her life. 

CUMULATIVE DOSE 

The blood radiation dose from the I'*! 
administration was calculated according to 
the data of Seidlin e¢ a/.4 and it was found 
to be 197.0 rads. Thereafter, an investiga- 
tion was carried out to determine the diag- 
nostic exposure doses. During the follow-up 
period at this Institute (from November, 
1953 to January 15, 1957), the patient had 
had a variety of diagnostic roentgen exam - 
inations: four chest roentgenograms (both 
posteroanterior and Jateral), one gallblad- 
der series, two skull examinations, one 
roentgenogram of the soft tissues of the 
neck, and at least one fluoroscopic study of 
the chest and two bone surveys. 

Prior to her admission on November 2, 
1953, roentgen or other radiation exposures 
are unknown. The total diagnostic exposure 
was estimated as not less than approxi- 
mately 7,000 mr to the bone, and not less 
than 2—3,000 mr to the bone marrow. The 
amount of radiation received in the mar- 
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row from the natural background by a man 
of thirty-five years is approximately 5 r 
(Court-Brown and Doll). We might as- 
sume 10 r for our patient, since she is over 
seventy years old, and this would include 
unknown exposures. The total estimation 
then might be as follows: 197.0 rads—the 
mean marrow dose from I['*! therapy (blood 
dose and marrow dose are supposed to be 
equal!) ; rads—the approximate mean 
marrow dose from diagnostic exposure; and 
10 rads—from the natural background and 
unknown exposures. Therefore, the total 
estimated marrow dose would be 210 rads. 
In reviewing this radiation dose, one can 
easily see that the highest portion of the 
mean marrow dose was received from the 
I'*! therapy; only less than 2 per cent was 
contributed by the diagnostic exposures. 


RADIATION DOSE—LEUKEMIA 
RESPONSE RELATIONSHIP 

The latent period for leukemia seems to 
be about three to five years following radia- 
tion exposure;’ a latent period of less than 
one year would not be expected. The spon- 
taneous incidence of leukemia has been 
found to be I in 20,000 persons per year in 
the general population, whereas it appears 
to be I in 13,000 per year for patients who 
have had hyperthyroidism treated with 
['51.6 Kor the average individual in a popu- 
lation, the probability of developing radia- 
tion induced leukemia is estimated to be 
2X 10-6 per rad/yr.® 

There is no definite relationship between 
the high doses of I'*! and incidence of leu- 
kemia since leukemias have been reported 
following the treatment of hyperthyroidism 
with a small amount of I'*!. Of course, in 
those cases, other intercurrent depressive 
factors affecting the bone marrow must be 
considered, such as the toxic effect from 
generalized metastatic cancer, cytotoxic 
drugs, chronic infections, genetic factors, 
etc. 

Court-Brown and Doll‘ have shown that 
there is a relation between radiation expo- 
sure and leukemia in patients who re- 
ceived external irradiation of the whole 
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spinal column and pelvis for ankylosing 
spondylitis. It has been postulated that this 
region contains half of the active red mar- 
row. The incidence of leukemia increases 
from 0.$ in 10,000 persons per year in the 
absence of treatment to 72 in 10,000 per 
year following a dose of 2,250 r or more. 

If the true dose-response relationship 
were curvilinear, it could be held that a 
threshold dose exists below which no in- 
crease in the incidence of the disease would 
occur.’ On the basis of such a hypothesis, it 
might be theorized that small doses of 
radiation, such as are employed in diagnos- 
tic radiology or in the treatment of hyper- 
thyroidism with I'', would never induce 
leukemia.* However, it is more reasonable 
to adopt the working hypothesis suggested 
by Court-Brown that there is no threshold 
dose for the induction of leukemia. In this 
case, the nature of the relationship between 
the dose of radiation and the induction of 
leukemia may be analogous to that postu- 
lated for the induction of gene mutations 
by radiations. The dose to the marrow 
which would double the expected incidence 
of leukemia is 30-50 r, six to ten times the 
dose received from background radiation. 
It is even possible that background radia- 
tion is responsible for a percentage of ge- 


netic mutations, and that the induction of 


leukemia by radiation is the result of an 
induced mutation in a somatic cell. 

Leukemia can occur as a result of irradia- 
tion with either protracted small doses or 
with single or repeated large doses. Even 
diagnostic examinations are not without 
danger; a complete check-up may well be a 
hazardous procedure. 

The prevalence of acute and chronic 
myelogenous lukemia has been noted in 
both irradiated Western as well as Japanese 
populations. The infrequency of chronic 
lymphatic leukemia suggests that this form 
of the disease may not be induced by ioniz- 
ing radiation (Moloney'’). It has been es- 
timated that perhaps 15 per cent of all 
leukemia deaths in the general population 
could be the result of roentgen irradiation.° 
Other etiologic factors such as infections 
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and metabolic, toxic, immunologic, and 

genetic factors account for the remainder. 
In the case presented above, leukemia 

was diagnosed 40 months after the admin- 


istration of the first course of I'*' therapy. 


In treating metastatic thyroid cancer with 
I's! in carefully selected cases, we do not 
have to worry about the probability of 
induced leukemia since the life expectancy 
of these patients is not long enough for it 
to develop. 

According to Dameshek and Gunz, “It 
seems evident that no single etiologic factor 
is likely to be able to account for a high 
proportion of cases of leukemia in the same 
way as tobacco smoking for those of car- 
cinoma of the lung.’”® 


SUMMARY 


1. A case of chronic myelogenous leuke- 
mia has been observed following I'*! ther- 
apy. There has been no previous report of 
such a case, although acute and subacute 
leukemia have been reported to follow ['*! 
therapy. 

2. The literature has been reviewed and 
some tentative relationships have been con- 
sidered between ionizing radiations (par- 
ticularly from I'*'! therapy) and the inci- 
dence of leukemia. 

3. No definite statement can be made 
since other etiologic factors cannot be def- 
initely ruled out and the number of re- 
ported cases is too small to draw any con- 
clusion. 

4. Nevertheless, large doses of I'*! appear 
to be hazardous and may be leukemogenic. 
Ahsen Ozarda, M.D. 

Department of Radiation Therapy 
Johns Hopkins University Hospital 
Baltimore, Maryland 
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AN ANALYSIS OF ISODOSE PATTERNS OBTAINED 
WITH 180 DEGREE ROTATION OF A 
TELECOBALT UNIT* 

60 CM. SOURCE TO CENTER OF ROTATION DISTANCE 


By R. L. WITCOFSKI, and I. MESCHAN, M.D.f 


WINSTON-SALEM, NORTH CAROLINA 


N THE dosage determinations associated 

with cobalt 60 teletherapy rotational 
techniques, it is essential to determine the 
complete isodose distribution around the tu- 
mor, since the dose to vital organs rather 
than the skin tolerance is the limiting fac- 
tor in the treatment of deep-seated lesions. 

Although there is a fair amount of litera- 
ture'*-7 concerning the rotation of teleco- 
balt units, there is a lack of investigation of 
the following points: (1) rotational patterns 
for a 60 cm. source to center of rotation 
distance (S.C.D.); (2) are or sector rota- 
tional therapy; (3) a comparison of such 
rotational patterns in phantoms of different 
sizes and of different specific constitution; 
(4) the effects on rotational isodose pat- 
terns of different field sizes—specifically, 
the effect of the length and width of the 
field; and (5) the relative accuracy of phys- 
ically determined rotation patterns as 
against mathematically calculated patterns 
of a similar type. 

Each of these problems has been inves- 
tigated and is analyzed below. 


DESCRIPTION OF EQUIPMENT 

The telecobalt unit is a Keleket-Barnes 
Rotaray which initially was loaded with 
1,450 curies of cobalt 60. The source con- 
sists of a series of 12 stacked cobalt wafers 
2 cm. in diameter. The collimator was of an 
adjustable type designed by the Oak Ridge 
Institute of Nuclear Studies, Medical Di- 
vision. The component parts of the collima- 
tor move in the arc of a circle so that the 
edges are always aligned with the geometric 
edges of the beam to reduce penumbra. The 
distance of the source to the outer edge of 


the collimator was 32.5 cm. The unit ro- 
tates at a distance of 60 cm. from source to 
center of rotation (S.C.D.). 

The three phantoms consisted of unit 
density pressdwood so designed as to con- 
tain a Victoreen-type ionization chamber. 
The phantom simulating the chest was dif- 
ferent from the solid phantoms in that 
balsa wood (0.13 gm./cm.*) replaced the 
pressdwood in the approximate relation- 
ship of lung tissue (Fig. 1). The dimensions 
of the ‘“‘chest phantom”’ (20.4 X 30.4 cm.) 
were made in accordance with cross-sec- 
tional anatomic studies of the human 
body.? The unit density phantom sizes were 
chosen after a survey of the cross-sectional 
contours of 87 patients chosen at random 
in the Radiation Therapy Division. The 
phantom sizes were: 18.5 cm.X27.0 cm. 
and 22.4 cm. X 3§.0 cm. 


EXPERIMENTAL METHOD 

The radiation measurements were made 
with a  Victoreen ionization chamber 
equipped with an equilibrium cap designed 
for cobalt 60 radiation. Three readings were 
obtained and averaged at each dosage point 
with a minimum of $0 points for each phan- 
tom field size combination. Dose points 
were obtained for only one-half of the 
phantom because of symmetry. 

The arc of rotation was always across the 
anterior 180° of the phantom. In each in- 
stance, the source was initially situated so 
cm. from the anterior surface of the phan- 
tom. Thus, the center of rotation was 10 
cm. below the anterior surface. The field 
sizes shown are those obtained with the 
light localizer on the anterior surface of the 


* This work was supported in part by the Forsyth County Cancer Service. 
| Physicist, Department of Radiology, Bowman Gray School of Medicine, Winston-Salem, North Carolina. 
t Professor and Director, Department of Radiology, Bowman Gray School of Medicine, Winston-Salem, North Carolina. 
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Fic. 1. Photograph of the “chest phantom” (left) and the unit density phantom (right). 


phantom in this initial position. 

The calculated isodose patterns were 
determined by superimposing the appro- 
priate stationary field isodose curves for a 
given field size at 15 degree intervals across 
the anterior half of the phantom. Calcula- 
tions were made in relation to a 20 cm. 
diameter cylindrical phantom. 


DESCRIPTION OF PHYSICALLY DETERMINED 
ISODOSE PATTERNS 
GENERAL COMMENT 

It is noteworthy that, regardless of field 
size, the 100 per cent zone for the isodose 
patterns was anterior to the center of rota- 
tion. There is usually a tendency for the 
50-70 per cent isodose patterns to bulge 
laterally (Fig. 2, 


THE EFFECT OF FIELD SIZE ON THE 
ROTATIONAL PATTERNS 

As had been anticipated,® the are rota- 
tion produced an anterior migration of the 
point of maximum dosage (toward the 
mean position of the source). Further, the 
amount of anterior migration depended 
upon the width of the field in the direction 
of rotation. The greater the field width, the 
more anterior the point of maximum dosage 
(Fig. 3, 7 and B). For example, the point of 
maximum dosage migrated from 1.7 cm. 
anterior to the center of rotation to 4.5 cm. 


in the small unit density phantom (18.5 X 
27.0 cm.) with an increase in field size from 
6.1X6.1 cm. to 9.7X9.7 cm. (Fig. 38). 
Figure 3B also demonstrates that the larger 
field produces both a larger integral dose 
and a higher skin dose for the same tumor 
dose. 

The length of the field (perpendicular to 
the direction of rotation) does not appreci- 
ably affect the isodose curves obtained. 
Thus, when the field size was increased 
from 7.8 cm.X7.8 cm. to 7.8 cm. X15.8 cm. 
in length, no appreciable difference in iso- 
dose patterns was obtained (Fig. 3). 


COMPARISON OF THE THREE DISSIMILAR PHANTOMS 
STUDIED IN RELATION TO THE POSITION OF 
THE MAXIMUM DOSE 

In the 3 dissimilar phantoms studied, the 
position of the point of maximum dosage 
was the same (within experimental error) 
when the same field size was used (Fig. 4, 
A and B). This was true for all field sizes. 


COMPARISON OF THE ISODOSE PATTERNS OBTAINED 
WITH THE UNIT DENSITY PHANTOMS 
VERSUS CHEST PHANTOMS 
With the two unit density phantoms, the 
percentage dosage for identical field sizes 
along the anteroposterior axis was almost 
identical (Fig. 4, 4 and B). The greatest 
variation was with the 6.1 cm.X6.1 cm. 
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‘IG. 2. Physically determined isodose patterns (field size by light localizer); 60 cm. source to rotation center; 


one, 180° rotation. (4) Small unit density phantom (18.5 27.0 cm.): 6.16.1 cm. field. (B) Small unit 
density phantom (18.5 27.0 cm.): 7.87.8 cm. field. (C) Small unit density phantom (18.5 X 27.¢ cm.): 
7.8X15.8 cm. field. (D) Small unit density phantom (18.5 27.0 cm.): 9.79.7 em. field. 


(Please turn page for Fig. 2, E-L) 


field where the difference was approxi- 
mately 10 per cent. With the chest phan- 
tom, the values were within 10 per cent of 
the dosage values of the other two phan- 
toms anterior to the point of rotation; but 
posterior to the center of rotation, the 
values varied as much as 25 per cent. This 
would most likely be related to the lesser 
attenuation of the cobalt 60 beam by the 
balsa wood. 

This again points out that the applica- 
tion of isodose curves obtained with unit 
density phantom materials to problems in- 
volving the chest may produce dosage 


errors which are well above acceptable 
limits. 

It is important to note (Fig. 5) in the 
comparison of the chest phantom with the 
unit density phantoms, that the area (ac- 
tually volume of tissue) covered by the go 
per cent zone is very considerably greater 
with the chest phantom and posteriorly 
extends well beyond the 80 per cent zone 
for the unit density phantom. The differ- 
ence in the shape of the isodose pattern 
laterally is also noteworthy. There is a 
lesser tendency for the isodose patterns to 
bulge laterally in the chest phantom. 
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Fic. 2. (E) Large unit density phantom (22.4 35.0 cm.): 6.16.1 cm. field. (F’) Large unit density phan- 
tom (22.4 35.0 cm.): 7.87.8 cm. field. (G) Large unit density phantom (22.4 35.0 cm.): 7.8 15.8 cm. 
field. Large unit density phantom (22.4 35.0 cm.): 9.79.7 cm. field. 


COMPARISON OF ISODOSE PATTERNS OBTAINED WITH 
THE SMALL VERSUS LARGE UNIT DENSITY PHANTOMS 

In this comparison, the point dose was 
evaluated along several lines radiating from 
the rotation center and extending out to 
the edge of the phantom. Curves were 
plotted comparing the dose rate along the 
same radius in the large and smail unit 
density phantoms. In most instances the 
variations were in the range of 2 to § per 
cent for point doses along these lines. In 
some cases, variations as high as 10 per 
cent occurred, but these were not the gen- 
eral rule. 

Since the isodose patterns for the same 
field sizes were quite similar for the two 
unit density phantoms (18.5 X 27.0 cm. and 
22.4 X 35.0 cm.), it would seem logical that 
the general application of these curves to 
patient contours with similar dimensions 
(and dimensions between the two phan- 
toms studied) would result in accurate 
dosage determinations to the tumor as well 
as to other critical organs. 


Fic. 3. Anterior migration of the 100 per cent zone 
with increase in width of field size. (4) Percentage 
of maximum dose versus the distance anterior and 
posterior to the center of rotation for the 4 fields 
with the 18.5 27.0 cm. phantom. (B) Split image 
of isodose patterns: 9.79.7 cm. field versus 
6.16.1 cm. field. 


ic. 2. (1) Chest phantom (20.4 X 30.5 cm.): 6.16.1 cm. field. (7) Chest phantom 
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9.79.7 cm. field. 
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Fic. 4.(4) The distance anterior to the center of ro- 
tation of the point of maximum dosage in relation 
to the lateral field dimension for all three phan- 
toms. (B) The width of the field versus the dis- 
tance anterior to the center of rotation for the 3 
different phantoms. 


A COMPARISON OF THE CALCULATED ISODOSE 
PATTERNS WITH THE PHYSICALLY 
DETERMINED VALUES 

This comparison is limited by the fact 
that the calculated values are of necessity 
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6.1 X 6.1 cm. field 

20.4 X 30.5 cm. Phantom (chest) 
60 cm. Source to Rotation Center 
One - 180° Rotation 


Cobalt - 60 

6.1 X 6.1 em. field 
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One - 180° Rotation 


Fic. 5. Split image of isodose patterns obtained with 
the smaller unit density phantom as compared 
with the chest phantom (field size: 6.16.1 cm ). 


based upon a 20 cm. diameter cylindrical 
phantom. 

A study of the point dose distribution 
between the small unit density phantom 
and the calculated phantom shows fair 
agreement. However, variations up to 25 
per cent were not uncommon. Since this 
variation is well above the generally ac- 
cepted limits for therapeutic accuracy, this 
would seem to indicate that experimen- 
tally produced isodose patterns (such as the 
ones developed here) are of great impor- 
tance in effective deep lesion treatment 
with rotation. 


COMPARISON OF THE VISUAL FIELD SIZE 


ACTUAL RADIATION FIELD SIZE 


AND 


It has been shown’ that there is a dis- 
crepancy between the visual field size and 
the actual radiation field size with the 
Keleket-Rotaray light localizer. 

In our evaluation of this problem for the 
field sizes employed, we utilized a scintilla- 
tion probe with a cylindrical anthracene 
crystal 0.5 cm. in diameter and 0.5 cm. in 
height, which afforded a small measuring 
volume. 

It is noted that this correction becomes 
of considerable practical importance with 
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Fic. 6. Comparison of visual field size and 
actual radiation field size. 


field sizes smaller than 9.7 X9.7 cm. There- 
fore, it is important to know this relation- 
ship for each installation, if the above iso- 
dose curves are to be utilized correctly 
(Fig. 6). 


SUMMARY 

1. Isodose patterns are presented for a 
telecobalt unit which rotates at a 60 cm. 
source to tumor center distance, utilizing 
a 180° are. 

2. The greater the field width (in the 
direction of rotation), the more anterior 
the point of maximum dosage. The length 
of the field did not appreciably affect the 
isodose patterns. 

3. The position of the point of maximum 
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dosage was independent of the size and type 
of phantom for the same field sizes. How- 
ever, posterior to the center of rotation, 
the dosage was considerably greater with 
the “chest” phantom. 

4. In general, for identical field sizes, the 
curves were similar for both the large and 
small unit density phantoms. 

5. Calculated isodose curves based upon 
a cylindrical phantom introduce consider- 
able error when one relates these to phan- 
toms that more closely simulate body cross 
sections. 

6. A knowledge of the relationship of the 
visual field size (obtained from light local- 
izer) and true radiation field size is impera- 
tive for application of the above described 
curves. 


Richard L. Witcofski 

Bowman Gray School of Medicine 
of Wake Forest College 

Winston-Salem 7, North Carolina 


REFERENCES 

1. Braestrup, C. B., and Mooney, R. T. Physical 
aspects of rotating telecobalt equipment. Radi- 
ology, 1955, 64, 17-27. 

2. A. C., and ScHoemaker, D. M.A 
Cross-Section Anatomy. Appleton-Century- 
Crofts, Inc., New York, 1930, pp. 64-65. 

3. FrrepMan, M., Hine, G. J., and Dresner, J. 
Principles of supervoltage (2 million volts) ro- 
tation therapy. Radiology, 1955, 64, 1-16. 

4. Jouns, H. E., Wuirmore, G. F., Watson, T. A., 
and Umsera, F. H. System of dosimetry for 
rotation therapy with typical rotation distri- 
butions. ¥. Canad. A. Radiologists, 1953, 4, 

I-14. 

5. Jouns, H. E., Morrison, M. T., and WuiTmore, 
G. F. Dosage calculations for rotation therapy. 
Am. J. Rap. THErapy & 
CLEAR MED., 1956, 75, 1105-1116. 

». Jones, D. E. A., Grecory, C., and Bircuaxt, I. 
Dosage distribution in rotational cobalt 60 
therapy. Brit. ‘¥. Radiol., 1956, 29, 196-201. 

7. KLiGeERMAN, M. M., Rosen, E. G., and Quimsy, 
E. H. Rotation therapy technics applicable to 
standard deep-x-ray machines. Radiology, 1954, 


62, 183-194. 

8. Satviont, D., and Scuutz, R. J. Some clinically 
useful data for fixed field and rotational tele- 
cobalt therapy. Am. J. RoenTGENOL., Rap. 
TuHerapy & NucLear MED., 1959, 87, 30-37. 


| 
y 
ith 
red 
n ). 
lon 
ym 
air 
26 
ac- 
he 


May, 1961 


WEDGE FILTERS: THEIR CONSTRUCTION AND USE 
WITH THE 22 MEVP. BETATRON* 


By EARL VAN ROOSENBEEK and JOHN H. GRIMM, M.D.+ 


HOUSTON, TEXAS 


EDGE filters have had a long and 

useful place in orthovoltage roentgen 
therapy.'~* In the 140 to 280 kvp. range, 
the radiation distribution in a water phan- 
tom, resulting from the interposition of a 
wedge filter, is usually determined experi- 
mentally because of the difficulty in allow- 
ing for scattered radiation by calculation. 
At I mevp. or 22 mevp., the scatter con- 
tribution is greatly reduced, and it is pos- 
sible to calculate the asymmetric isodose 
curve resulting from a wedge in the beam. 

In the calculation, it is necessary to know 
the isodose curve for the open field and the 
narrow beam absorption curve of the wedge 
material for the particular radiation qual- 
ity. The ratio of the dose of the desired 
sloping curve to the open field curve is es- 
timated in increments, and the appropriate 
thicknesses of wedge material are deter- 
mined from the absorption curve. 

Materials that have been used for wedges 
are lead,° lead glass, and plate glass. The 
lead filter is easily fashioned and is thin; 
the glass filter is thicker but it is transpar- 
ent to the light of a beam localizer. 

At 22 mevp. the wedged fields have re- 
sulted in a decided clinical advantage in 
treatment of carcinoma of the bladder. As 
will be shown, two wedged fields produce a 
large uniform volume of radiation when 
they are directed at approximately go° to 
each other. 


WEDGE CONSTRUCTION 
METHODS OF CALCULATION 
1. The isodose curve of the open field for 
which the wedge filter is desired is laid out 
on a sheet of paper approximately three 
times the length of the isodose curve. 


52.5%— 
(POSITION OF NEW ie 
50% CURVE) 


(POSITION OF 
70% 


NEW 
CURVE) 


TARGET-SKIN 
DISTANCE 


Fic. 1. Diagram illustrating the method of 
calculation for a wedged field. 


2. A line of the desired slope is drawn 
from a point on the edge of the 50 per cent 
curve which is still in the full beam (Fig. 1). 

3. A point representing the target is 
placed at the appropriate target-skin dis- 
tance (TSD). If a teletherapy source is 


* From the Departments of Physics and of Radiology, The University of Texas M. D. Anderson Hospital and Tumor Institute, 
Houston, Texas. This work was supported in part by a grant from the National Cancer Institute, CS-9270. 
t Present address: Department of Radiology, Hermann Hospital, Houston, Texas. 
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employed, the center of the source is used 
as the target. 

4. Aline perpendicular to the central ray 
is drawn at the point at which the wedge 
will be placed. This is generally at the end 
of the collimating cone or treatment cone 
(Fig. 1). 

5. Convenient increments (0.5 cm.) are 
marked and numbered along this line (Fig. 
I). 

6. Lines are made to pass through these 
increments from the target or the source 
to the sloping line. 

7. A given increment line will pass 
through the slope at some point of higher 
intensity than the $0 per cent isodose curve. 
The intensity at this point is read from the 
curve and noted. The amount of lead neces- 
sary to reduce the transmission of the open- 
field beam to the intensity just noted can 
now be derived by reference to the absorp- 
tion curve. As an example, ray No. I passes 
through the slope line at the 52.5 per cent 
level (Fig. 1): 


50 per cent (desired intensity) 
$2.5 per cent (open field intensity) 
= 95.3 per cent (desired transmission). 


The required thickness in lead can be read 
on the lead absorption curve (Fig. 2). Read- 
ing across from 95.3 per cent transmission, 
the value of 0.88 mm. of lead is obtained. 
The wedge on ray No. 1 1s then to be 0.88 
mm. thick. The process is repeated for other 
radiation rays. 


LEAD WEDGES 


Construction of the wedges can be done 
with thin lead sheets cut and stacked toa 
desired thickness for each increment, or 
they can be made from one piece of lead cut 
to the desired thickness, either as steps or 
in a smooth slope. 


GLASS WEDGES 
The density of available lead glass may 
be as much as one-half the density of lead. 
Wedges can be made from lead glass which 
will be about twice the thickness of the lead 


Wedge 


BE TATRON 
Hvi—l3mm Pb 


70- 
60- 
50+ 
mi2egs 


I1c. 2. Narrow beam absorption curve 
in lead at 22 mevp. 


but will transmit the light of a field-defining 
localizer. Clear glass can also be used; how- 
ever, ordinary glass will turn brown after 
long usage. Pittsburgh Plate Glass Com- 
pany has a nonbrowning clear glass avail- 
able which can be used to prevent radiation 
discoloration. 


WEDGES OF OTHER MATERIALS 


Wedges can be constructed of any mate- 
rial for which a narrow beam absorption 
curve is available. In instances where 
wedges are used in close proximity to the 
patient, materials of medium atomic num- 
ber may be desirable at supervoltage ener- 
gies to reduce electron contribution in the 
beam. 

DOSIMETRY 


The resultant distribution at other levels 
can be calculated, once that for the wedge 
is derived, by reversing the procedure used 
in step 7 under “Method of Calculation.” 
For example, to find the position of the new 
70 per cent curve on increment line No. 6 
(Fig. 1): 


Desired intensity level (70 per cent) 
Percentage tr; ioc] ror No. 6 (82 per ce 
ercentage transmission for No. 6 (83 per cent) 
= 84.4 per cent. 


An isodose plot of the wedged beam com- 
pared to the calculated curve is shown in 
Figure 3. An experimental measurement of 
the same beam at 45° incidence to a water 
phantom compared to the calculated re- 
sults incorporating inverse square correc- 
tion is shown in Figure 4. 
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Fic. 3. Comparison of calculated and measured 
wedged field (45° at 50 per cent depth dose). 


CLINICAL APPLICATION 


In the latter part of 1958, lead filters 
were constructed for use with the 22 mevp. 
betatron for bladder therapy. Previously, 
intermediate stage carcinoma of the blad- 
der was treated with a three-field “Y” 
technique consisting of a single anterior 
port and two medially angulated gluteal 
ports, At the present time, two anterior 
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portals with wedge filters are used, thus 
making it possible for the patient to receive 
the entire treatment in the supine position 
(Fig. 5). The single position results in a 
more stable geometry of the internal or- 
gans. The two portals are angulated at 55° 
from the vertical. The choice of angle was 
based on an average abdominal wall con- 
tour from which most contours deviate only 
a few per cent. The field sizes range from 
8X8 cm. at 80 cm. target-skin distance to 
9 Xg cm. or 10X10 cm. when 100 cm. tar- 
get-skin distance is used. The wedge is a full 
45° wedge with the tapered ends directed 
laterally (Fig. 6). 


Phantom Surface 


Calculated Curve 


—— Water Phantom 
lsodose Plot 
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Kic. 4. Comparison of calculated and measured 
wedged field at 45° incidence to the phantom. 
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With the patient supine, it is necessary 
to recognize but one anatomic variant, 7.¢., 
the depth of the urinary bladder beneath 
the anterior abdominal wall. Adjustment 
for this is made by varying the field size and 
the separation of the fields. Localization 
roentgenograms are taken with the beta- 
tron using the same field size, target-skin 
distance, and{angulation as intended for 
treatment. For roentgenologic contrast, air 
is introduced into the bladder.’ A table 
based upon isodose curves of various sizes 
has been constructed which permits the 
rapid calculation of the daily dose if the 
bladder dimensions and location are known 
(Table 1). 

One patient with carcinoma of the tra- 
chea and a female patient with inoperable 
carcinoma of the urethra have also been 
treated utilizing betatron wedge filters. 


ADVANTAGES 

The wedge technique has the following 
advantages: 

1. There is excellent correspondence be- 
tween the shape of the isodose distribution 
and the anatomic shape and position of the 
bladder and its immediate lateral areas. 
The whole urinary bladder is treated. 

2. Dosage falls off rapidly outside the 
tissue volume being treated. 


Fic. 5. Patient shown in treatment position. Light 
is reflected on the skin from the open portion of 
the wedged beam. 
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lic. 6. Isodose distribution obtained using two 
wedged fields directed at 110° angle to each other. 


3. Treatment planning has been simpli- 
fied. 

4. Positioning for treatment is simple, 
rapid, accurate, and easily reproducible. 


SUMMARY 

The physical aspects and construction 
details of wedge filters by a calculative 
method have been presented for 22 mevp. 
roentgen rays. The calculative method pro- 
duces isodose curves of wedged fields that 
are in good agreement with measured 1so- 
dose curves. Their clinical application and 
volume distributions in 22 mevp. therapy 
are given. 
Earl Van Roosenbeek 
Physics Department 
University of Texas 

M. D. Anderson Hospital and Tumor Institute 
6723 Bertner Drive 
Houston 25, Texas 


We would like to express our appreciation to 
Dr. Jasper E. Richardson, who derived the 
method for calculation of the lead wedges for 
use with the cobalt 60 unit.” 
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EVALUATION OF THORAEUS FILTERS* 


By E. DALE TROUT, B.S., D.Sc., JOHN P. KELLEY, B.S., and ARTHUR C. LUCAS, B.S. 


MILWAUKEE, WISCONSIN 


A’ THE Second International Congress 
of Radiology held in Stockholm in 
1928, Professor Robert Thoraeus of the 
Physical Laboratory of the Radiumhem- 
met presented a communication in which 
he described a new filter for use with deep 
therapy roentgen-ray equipment. This fil- 
ter had, as its main component, “‘a metallic 
tin plate” and the efficiency of the new 
filter was said to be better than that of a 
copper filter resulting in the same half- 
value layer. 

Thoraeus’ original communication was 
followed by two publications in Acta radi- 
ologica. The first" dealt in detail with the 
subject of filters. Particular emphasis was 
given to the reason for and design of the 
composite tin, copper, and aluminum filter. 
The second paper'? considered both the 
quantitative and qualitative equivalence of 
copper and ““Thoraeus”’ filters. 

In the first paper Thoraeus described in 
detail the instrumentation used in his work 
since it was reported with the newly defined 
roentgen as the unit of measurement. The 
roentgen-ray equipment was operated at 
voltages up to 180 kv. constant potential. 
At the voltages and tube currents used, the 
maximum practical filtration was 2.0 mm. 
Cu plus 1.0 mm. Al. Thoraeus, therefore, 
designated the “normal” tin composite 
filter as the one qualitatively equivalent to 
a 2.0 mm. Cu filter; 7.e., it resulted in the 
same half-value layer as 2.0 mm. Cu. The 
“normal” Thoraeus filter consisted of 0.44 
mm. Sn, 0.25 mm. Cu, and 1.0 mm. Al. 

Following publication of Thoraeus’ 
papers, several other investigators reported 
on the use of Thoraeus filters up to 400 kv. 
peak. One of the most complete studies was 
by Mayneord and Roberts.* In the voltage 
range used by Thoraeus and these investi- 
gators, with the ‘‘normal” Thoraeus filter, 


* Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-3 
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the increase in exposure dose rate over that 
obtained with copper filtration required to 
vield the same half-value layer was re- 
ported to be 2§ to 30 per cent. 

As a result of these investigations, the 
Thoraeus filter has been generally accepted 
for use with deep therapy apparatus. In the 
years since Thoraeus’ papers appeared, 
filters have been employed having tin 
thicknesses other than that specified by 
Thoraeus for his “normal” filter. These 
have been designated in many ways, most 
of which did little to identify the character- 
istics of the filter. In our laboratory we 
have designated composite filters composed 
of tin, copper, and aluminum by using the 
word “Thoraeus” followed by a roman 
numeral for the copper filter providing the 
same half-value layer as the Thoraeus 
filter. Thus, a Thoraeus 1 filter was one 
providing a half-value layer equivalent to 
that to be had from a 3 mm. Cu filter. 

In 1950, 1n our laboratory, we investi- 
gated numerous materials for possible use 
as filters in the 100 to 250 kv. peak range. 
This study was reported at the Sixth Inter- 
national Congress of Radiology and _ in- 
cluded an investigation of Thoraeus filters 
of tin, copper, and aluminum. In compar- 
ing the exposure dose rates using Thoraeus 
filters to those using copper filters required 
for the same half-value layer, the differ- 
ences in exposure dose rates were found to 
be somewhat lower than those reported by 
other authors. Similar geometry was used 
for all our measurements, but our geometry 
may not have been the same as that used by 
others. 

During the past few years we have been 
engaged in studying the variables involved 
in the determination of the half-value layer 
and have reported the results of our work 
for aluminum filtration from 100 to 130 kv. 
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peak and copper filtration from 140 to 300 
kv. peak.'® That paper covers the investiga- 
tions into the geometric variables involved 
in determination of the half-value layer and 
proposes three possible ways of reducing to 
a minimum the effects of geometry on the 
resulting determination. By removing the 
geometric effects, half-value layer measure- 
ments can, we feel, be reduced to a common 
denominator which makes possible better 
comparative studies. With this in mind, we 
thought it worthwhile to explore again the 
relation between Thoraeus and copper 
filters. 


TEST EQUIPMENT, MATERIALS 


AND FACTORS 


The roentgen-ray source used for these 
investigations was a resonant transformer 
operating at a nominal frequency of 1,200 
cycles per second and using a grounded 
anode, beryllium window roentgen-ray 
tube. The equipment was capable of opera- 
tion from 100 to 300 kv. peak at tube cur- 
rents up to 20 ma. Both tube current and 
kilovoltage were electronically stabilized 
providing excellent short and long time re- 
producibility of data. In addition, both the 
tube current and kilovoltage signals were 
monitored by DC potentiometers having 
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Fic. 1. Variation of half-value layer 
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0.1 per cent accuracy and 0.05 per cent re- 
producibility. Exposure dose rate measure- 
ments were made using a 25 r Victoreen 
thimble chamber connected to a Sonesta: 
balance system with a 0.1 per cent poten- 
tiometer as the readout element and a DC 
amplifier as the null detector. This system 
was calibrated against a Victoreen r meter 
and associated chambers which had been 
calibrated at the National Bureau of Stand- 
ards. 

Tin is used as the principal constituent of 
the Thoraeus filter since it is more effective 
than copper in removing low energy radia- 
tion from the unfiltered beam in this energy 
range. Figure 1 shows the variation of the 
half-value layer with photon energy for 
copper and tin for monochromatic radiation 
using data from the National Bureau of 
Standards Circular §83.'4 While the curves 
are nearly parallel at lower energies, the 
half-value layer in copper does not rise so 
rapidly as that in tin above 100 kev. 

The K absorption edge of tin is such as to 
allow a narrow band of radiation having a 
maximum energy of 30 kev. to be readily 
transmitted through the tin filter. In the 
Thoraeus filter a thin sheet of copper is used 
below the tin to remove this radiation and 
other soft radiations characteristic of the 
tin. Figure 2 shows the effect of adding 
copper below the tin filters. The initial 
steep slope of the attenuation curves is in- 
dicative of the presence of soft radiation not 
removed by the tin. Comparison of the 
curve for 2.0 mm. Sn to that for 0.44 mm. 
Sn shows that, as the tin thickness is in- 
creased at a given kilovoltage, the ratio of 
soft radiation to total transmitted radiation 
is reduced from 12 per cent to 3 per cent. It 
would appear that some gain could be 
achieved by using copper backing filters as 
thick as 0.5 mm.; however, it should be 
noted that the geometry used here is pur- 
posely that which will result in the greatest 
amount of anomalous radiation from the 
tin. For more typical geometry the 0.25 
mm. copper backing filter is probably more 
than sufficient. 

It is to be expected that some character- 
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istic radiation would be produced in the 
copper. It is, however, a very small amount 
and of such low energy as to be generally 
negligible when copper is used in conjunc- 
tion with a tin filter. 

Filter materials of high atomic number 
produce large numbers of electrons as a re- 
sult of the various absorption processes. 
Under unusual conditions it is possible for 
the dose to the skin due to electrons to be 
as great as that due to the primary beam 
unless steps are taken to eliminate them. 
One does not normally detect electrons in 
making radiation measurements since most 
thimble chambers have walls sufficiently 
thick to prevent them from reaching the air 
cavity. By using a very thin-walled, paral- 
lel-plate chamber, it is possible to measure 
the ionization due to both the electrons and 
the primary roentgen rays. Figure 3 shows 
the attenuation of electrons in aluminum 
for a 4 mm. copper filter at 300 kv. peak 
using a chamber having a 0.8 mg./cm.? 
front wall. It will be noted that only a thin 
sheet (0.1 mm.) of aluminum is necessary 
to reduce the dose due to the electrons to a 
negligible value. 

In a similar manner one may determine 
the amount of air necessary to absorb the 
electrons. By measuring the ion current 
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Fic. 3. Attenuation of electrons in aluminum. 


using the thin-walled chamber with and 
without a 0.21 mm. aluminum filter below a 
copper filter, the percentage ionization due 
to the electrons from the copper filter may 
be determined at various distances. Figure 
4 shows such a determination for distances 
of 5 to 25 cm. from a 4 mm. Cu filter ir- 
radiated with 300 kv. peak roentgen rays. 
The indicated range in air is approximately 
that which would be calculated for the 
Compton electrons of highest possible 
energy for 300 kev. radiation. A source of 
information for the range of electrons in air 
is the National Bureau of Standards Hand- 
book 62!° and information on the energy of 
the Compton recoil electrons may be obtain- 
ed from the National Bureau of Standards 
Circular 542.2 From these data it will be 
seen that some aluminum is advisable be- 
low the copper filter unless filter-skin dis- 
tances are great. The 1 mm. aluminum that 
is usually used is thicker than necessary for 
voltages up to 300 kv. peak, but it may be 
justified on the grounds that aluminum less 
than 1 mm. thick is fragile and sometimes 
difficult to obtain. 
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ATTENUATION OF ELECTRONS IN AIR 
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Fic. 4. Attenuation of electrons in air. 


METHOD 


In agreement with past practices, the 
data which follow were taken using 0.2 
mm. Cu and 1 mm. Al added to Sn. T tenes 
sheets of copper and aluminum could have 
been used with a slight gain in efficiency. 

Half-value layer determinations were 
made using the extrapolation technique de- 
scribed in our previous paper. This tech- 
nique reduces the half-value layer deter- 
mination to one independent of geometry 
and has been referred to as the “unique” 


half-value layer following the precedent of 


Farr.! A series of 7 mm. thick lead dia- 
phragms, having apertures of 2.5, 5.0, 7.5, 
and 10.0 cm. diameter, was used in conjunc- 
tion with an optical bench to define the 
field at the filter. This system permitted 


convenient mounting and adjustment of 


the diaphragm. Care was taken to restrict 
the radiation field to a beam larger than the 
aperture but smaller than the diaphragm. 

Exposure dose rate measurements for the 
purpose of determining the efficiency of the 
tin filters relative to the copper filters were 
made using the adjustable diaphragm sup- 
plied with the roentgen-ray equipment. The 
adjustable diaphragm was 25 cm. from the 
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focal spot and was adjusted to give a 
10X10 cm. field at a 50 cm. focal-skin dis- 
tance, the distance used for all exposure 
dose rate measurements. All filters were 
placed at the normal filter position for this 
equipment, 7.5 cm from the focal spot. 

All absorbers and filters used in these 
studies were carefully weighed and meas- 
ured. Thicknesses were calculated using a 
density of 8.89 for copper and 7.3 for tin. 
The calculated thicknesses were in agree- 
ment with measured thicknesses within less 
than one per cent. 


RESULTS 

With a 25 cm. focal-filter distance and a 
50 cm. focal-chamber distance, the unique 
half-value layers in copper were determined 
for copper and Thoraeus treatment filters 
at 200, 250, and 300 kv. peak. The half- 
value layers are shown plotted against 
copper and tin filter thickness in Figures 5 
and 6. 

Using the adjustable diaphragm, a 7.5 
cm. focal-filter distance, 50 cm. focal-cham- 
ber distance, 20 ma. tube current, and a 
10X10 cm. field at the measuring chamber, 
exposure dose rate data were taken at 200, 
250, and 300 kv. peak using copper and 
Thoraeus filters. The results are shown in 
Figures 7 and 8. 

From the zero field or unique half-value 
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Fic. 5. Unique half-value layer in copper for 
copper treatment filters. 
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laver determinations shown in Figures 5 
and 6 and the exposure dose rate measure- 
ments shown in Figures 7 and 8, the expo- 
sure dose rate for equivalent half-value 
layer was determined for copper and Tho- 
raeus filters at the three kilovoltages used. 
The results, expressed as the ratio of the 
exposure dose rate obtained using the 
Thoraeus filter to that obtained using the 
copper filter, are shown in Figure 9. 

One observes first that at a given kilo- 
voltage the efficiency of the Thoraeus filter 
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Fic. 7. Absorption curves in copper, 
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ic. 8. Absorption curves in Thoraeus filters. 


compared to copper increases with half- 
value layer. For example, at 300 kv. peak, 
half-value layer 3.0 mm. Cu, the Thoraeus 
filter gives an exposure dose rate 13 per 
cent greater than the copper filter, while at 
300 kv. peak, half-value layer 4.0 mm. Cu, 
the exposure dose rate using the Thoraeus 
filter is $5 per cent greater than that ob- 
tained using the copper filter. 

One observes further that at a given 
unique half-value layer obtained at difter- 
ent kilovoltages, the efficiency of the 
Thoraeus filter is different. For example, 
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ic. 10. Effect of measuring geometry on measured 
efficiency of Thoraeus filters at 300 kv. peak. 


at half-value layer 3.0 mm. Cu, the 
Thoraeus filter, as compared to copper, 
results in an increase 1n exposure dose 
rate of 13 per cent at 300 kv. peak and 25 
per cent at 250 kv. peak. 

Figure 10 shows the efficiency of Tho- 
raeus filters with respect to copper filters 
plotted as a function of half-value layer 
measured under finite geometry and not 
corrected to zero field conditions. The 
half-value layers were measured at 300 
kv. peak using a focal-chamber distance 
of 50 cm. and a focal-absorber distance of 
25 cm. The aperture at the absorbers was 
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Fic. 11. Roentgen-ray spectra at 200 kv. peak. 
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lic. 12. Roentgen-ray spectra at 300 kv. peak. 

§ cm. in diameter. Comparison with the 
data shown in Figure 9 shows that efh- 
clencies appear to be lower if the half-value 
layer determinations are not corrected to 
zero field conditions. 

We thought it might be of interest to 
compare the spectra obtained using Tho- 
raeus and copper filters to obtain the same 
half-value layer. Figure 11 shows spectra 
calculated using Greening’s! method for 
200 kv. peak with a 2 mm. copper filter 
and a composite filter consisting of 0.5 
mm. tin, 0.25 mm. copper, and 1 mm. 
aluminum. Figure 12 shows spectra for 
300 kv. peak using a 4 mm. copper filter 
and a composite filter consisting of 1.06 
mm. tin, 0.25 mm. copper, and 1 mm. 
aluminum. Differences in the spectra are 
negligible for filters yielding the same half- 
value layer. 

The fractional increase half-value 
layer over the unique half-value layer for 
several combinations of voltage and Tho- 
raeus filters is shown in Figure 13. This 
increase was defined in our previous pub- 
lication as K, and can be used in correct- 
ing a measured half-value layer to obtain 
the unique half-value layer. 


SUMMARY 


The data presented here show the ad- 
visability of using Thoraeus filters in the 
kilovoltage range investigated and indi- 
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Fic. 13. Fractional change in half-value layer with 
diameter of irradiated copper absorber using 
Thoraeus filters. 


cate an increased advantage at higher 
kilovoltages and filtrations. Thoraeus’ 
data indicate that a composite filter con- 
sisting of 0.44 mm. Sn, 0.25 mm. Cu, and 
1.0 mm. Al will provide the same half- 
value layer as would be obtained when 
using 2.0 mm. Cu and 1.0 mm. Al. Our 
data indicate that 0.51 mm. Sn is neces- 
sary to obtain the same equivalence. The 
data are in fairly good agreement with the 
work of Thoraeus and that of Mayneord 
and Roberts when the differences in in- 
herent filtration, geometry, and wave form 
are taken into consideration. 


FE. Dale Trout 
4855 Electric Avenue 
Milwaukee, Wisconsin 
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RADIUM PELVIC MEASUREMENTS FOR TREATMENT 
OF CARCINOMA OF THE CERVIX AND CORPUS 
UTERI WITH AN EXPANDING TYPE 
OF APPLICATOR* 


By EDWIN C. ERNST, M.D., EDWIN C. ERNST, Jr., M.D., ROLAND P. ERNST, M.D., 
RICHARD E. ERNST, M.D., and MARSHALL CLELAND, Pu.D. 


ST. LOUIS, MISSOURI 


N PLANNING a two year radiation re- 

search program under a grant received 
from the National Cancer Institute (Wash- 
ington), our chief concern was the need for 
the most sensitive type of dosage instru- 
ment for measuring the radiation intensity 
of multiple radium sources used in the 
pelvis for treatment of carcinoma of the 
cervix and corpus uteri. 

To avoid overdosing vital areas, such as 
the bladder and rectum, it is of great im- 
portance to know the radiation dosage rate 
at many points near and distant from ac- 
curately spaced and fixed uterine and vagi- 
nal radium sources in the pelvis. To meet 
these essential requirements an expanding 
type of radium holder was designed by the 
authors. 

SIZE AND ARRANGEMENT OF 
CAPSULES 


THE 


The applicator (Fig. 1) is a single-unit 
cervico-uterine instrument primarily de- 
signed to hold 6 multiple expanded vaginal 
and 3 uterine radium sources in rigid con- 
figurations.*~* The radium needles em- 
ployed in these measurements are 1g mm. 
in total length and 12 mm. in active length. 
Filtration of 0.5 mm. platinum is provided 
for the radium needle and the walls of the 
capsules contain 2 mm. monel metal. The 
filtration of the two outer vaginal capsules 
is increased to 3 mm. brass or monel metal. 
The interior dimensions of the capsule are 
4X1g mm. The ends of the vaginal capsules 
contain 5 mm. of monel metal and lead 
while the distance factor of g mm. from the 


ends of the linear radium sources towards 
the bladder and rectum adds additional 
protection. 


TABULATION OF DATA 


With 9 chambers and 4 choices for the 
contents of each chamber (0, I, 2, 3 
sources), there are 4° or 262,144 different 
ways of loading the applicator. If the left 
vaginal chambers are loaded in the same 
manner as those on the right, so that the 
radiation field has left and right symmetry, 
then the number of different loadings pos- 
sible is reduced to 4° or 4,096. Measuring 
that many radium loading combinations 
throughout the pelvis would be a large 
undertaking. We also measured g_ basic 
radiation distributions, each one generated 
by a single 10 mg. source placed in one of 
the 9 chambers. With these 9 patterns, any 
of the 262,144 combinations and the pub- 
lished 24 radium loading techniques could 
be obtained by adding the dosage rates pro- 
duced by the separate sources at any given 
point in the field. 

The scintillation method finally selected 
is a highly technical nonportable group of 
laboratory instruments of the cylindrical 
crystal probe type, whose calibration re- 
quired the combined skill of clinical radiol- 
ogists and physicists to minimize minor 
dosage discrepancies. 

At short distances, the radiation field 
varies greatly provided we have a point 
source. For example, the dosage rate de- 
creases by about 20 per cent in going from 
1.0 to 1.1 cm. away from the source. 


* From the Department of Radiology, Research Section, De Paul Hospital, St. Louis, Missouri. Presented at the Sixty-first Annual 
Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 1960. 
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MEDIAL COLPOSTAT 
Linear Radium Source (12 ma.) 


FILTRATION 


lL mm. Pt. (equivalent) 


Lateral Colpostat 30x10 mm. 
Medial Colpostat 30x8mm. 
Capsule Chamber 
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COLPOSTAT 


BH 


DIMENSIONS 


MM. COLPOSTAT 
Linear Radium Source (12 mm.) 
FILTRATION 


1.25 mm. Pt. (equivalent) 


Fic. 1. (4) Closed position of the vaginal capsules. The screw bolt and fly nut fix the plastic cylinder to 


the handle of the applicator, thus protecting the vaginal walls, compressing the gauze packing, and stabiliz- 
ing the position of the uterus and radium sources. (B) Substitution of the external colpostats with ovoids. 
(C) Full expansion of the six radium sources. (D) External colpostats removed to accommodate a narrow 
pelvis. (EZ) The lateral wall filtration of the four medial colpostats measures 2 mm. of monel metal. (F’) The 


lateral wall filtration of the larger external colpostats is increased to 3 mm. of monel metal. The ends con- 
tain 5 mm. of monel metal and lead. The distance of g mm. from the 12 mm. linear active radium source 
to the ends of the colpostat adds to the protection of the bladder and rectum. 


CHARACTERISTICS OF THE MEASURING 
INSTRUMENT 

The specially designed scintillation probe 
(Fig. 2) consists of a small cylindrical fluo- 
rescent crystal (anthracene), 3.0 mm. in 
diameter cemented to one end of an 18 cm. 
pyrex glass rod, 3.0 mm. in diameter, with 
a photomultiplier tube at the other end. 
The tube responds to the light emitted by 
the crystal. The entire assembly is covered 
with a light-tight shield. With this arrange- 
ment as designed by Townsend,!* the small 
crystal can be placed close to the radium 
applicator while the bulky phototube, 
which is itself slightly sensitive to gamma 
rays, is kept farther away. The probe is 


held perpendicular to the direction of radia- 
tion so that the rays pass through the small 
dimension of the crystal. 

With this crystal, high accuracy of the 
dosage rate can be obtained at distances as 
short as I cm. from the source. 

The electrical circuit does not count in- 
dividual light flashes produced in the crys- 
tal, measuring instead the average light 
intensity from the crvstal. This is analog- 
ous to measuring the average current 
passed by an air ionization chamber. The 
light intensity from the crystal is propor- 
tional to the rate of ionization in the crystal 
and under certain conditions also to the 
gamma.ray dosage in 
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Fic. 2. (A) Water phantom. (B) Scintillation crystal 
probe. (C) Photomultiplier tube. (D) Hydraulic 
lift elevates the water phantom containing the 
radium applicator and plexiglas plate for making 
contact with the stationary measuring tube. 
(E) Handle controls the table movements of the 
water phantom. (I) Large scale Weston meter. 


LABORATORY PROCEDURES 


Each chamber of the applicator will hold 
three 10 mg. radium sources. The 19 mm. 
long needles contain 12 mm. of active linear 


Fic. 3. 


The radium applicator and scintillation crys- 
tal probe are shown in contact with the grid 
marked plexiglas plate immersed in a water phan- 
tom for measuring the radiation dose in roentgens 
per hour. 


Edwin C. Ernst e¢ a/. 
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radium. For loading in which a chamber 
contains fewer than three sources, the 
empty space is filled with plexiglas tubing 
to prevent the needles from moving around. 

The applicator was placed on a flat plexi- 
glas plate (Fig. 3) and held rigidly in posi- 
tion by alignment blocks. The plate was 
marked with a grid of lines spaced 1 cm. 
apart. At the center of each square, a 
shallow hole was drilled to facilitate rapid 
and accurate positioning of the scintillation 
probe. The depth of the hole was chosen so 
that the center of the anthracene crystal 
was in the same horizontal plane as the 
central stem of the applicator. Two such 
plexiglas holding plates were used, one to 
hold the outer vaginal chambers in a hori- 
zontal plane and one to hold these cham- 
bers in a vertical plane. Using these holders, 
a two-dimensional radiation field pattern 
was measured for each of the two planes 
intersecting at right angles. 

The holding plates and applicator were 
suspended in the center of a water tank 
along the central stem of the applicator, 
which was supported by a small pneumatic 
hoist to facilitate slight controlled vertical 
movements of the tank. The hoist was 
mounted on roller bearings which permitted 
lateral motion of the tank in any direction 
on the table top. The scintillation probe 
was rigidly mounted vertically above the 
table with the probe extending down into 
the water. The water tank and applicator 
could be moved around on the table to 
align any grid point with the probe and 
then raised slightly to engage the probe in 
the alignment hole in the plexiglas holding 
plate. 


HIGH MAXIMUM SENSITIVITY 


The gamma-ray exposure dosage rate 1s 
read from a linear scale (Fig. 4). The ampli- 
fied current is directly proportional to the 
dosage rate in roentgens per hour (r/hr.) 
over the full meter-scale. The sensitivity of 
the scintillation meter is controlled by the 
voltage applied to the photomultiplier tube. 
As the voltage is increased, the sensitivity 
increases. The voltage at which the break- 
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ic. 4. Linearity of water scale is demonstrated by 
points interconnected with solid lines. The dosage 
rate at the center of a circle is measured with from 
1 to 6 identical 10 mg. radium sources positioned 
around the circumference. Addition of one source 
at a time increases the dosage rate at the probe by 
equal amounts, straight lines indicating equal in- 
crements of meter readings, permitting calibra- 
tion of scale at any convenient point with other 
rates being calculated by ratio or “relation” to 
calibration point. Linearity is demonstrated for 
various phototube settings as indicated. 


down occurs in the tube is the limiting 
factor. A good IP28 tube may be operated 
at approximately 1,200 v., at which point a 
full-scale meter deflection with a dosage 
rate as low as 4 r/hr. may be obtained. The 
sensitivity is reduced by a factor of approx- 
imately 100 as the tube voltage is reduced 
from 1,300 to 500 v. 

However, at any given voltage setting 
the scale is linear. The current was meas- 
ured with a 273 Weston 7 inch panel meter 
to permit accuracy at low intensity read- 
ings on the scale. 

The main advantage of using a small 
fluorescent (3.0 mm.) crystal and photo- 
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tube rather than a small air ionization 
chamber as the detector is because of the 
much larger current which is produced in 
the phototube for a given radiation field. 
In the foregoing example, with 1,200 v. on 
the tube, a dosage rate of 4 r/hr. produces a 
current of approximately 10-7 amp. from 
the anode of the tube. This same dosage 
rate produces a current of approximately 
amp. in an ionization chamber of 
the same size as the crystal. Since the 
phototube current is approximately 5X 10° 
times larger, a less erratic and more de 
pendable electrical system can be used to 
measure this current. 
CALIBRATION OF THE METER 

The meter was calibrated in air by means 
of a radiation field set-up with a known 
quantity of radium. The radium consisted 
of six separate 10 mg. sources, each of which 
was 12 mm. in active length with 0.5 mm. 
platinum filtration in the walls. The probe 
was placed 5 cm. from the sources to reduce 
errors due to variations in source-to-probe 
distance. The 6 radium sources were placed 
around the circumference of a circle of 5 
cm. radius, with the probe in the center of 
the circle to compensate for small errors in 
probe placement. The National Bureau of 
Standards dosage rate is 20.2 r/hr. at the 
center (3.36 r/hr. at 5 cm.) from a single 
10 mg. source.'! The dosage rate (D) of an 
unknown field is found by direct compari- 
son with this known field using the formula 


20.2r/hr.* X 
D= 


in which_X is the meter reading obtained in 
the unknown field and Y is the meter read- 
ing obtained in the known field of 20.2 r/hr. 
FACTORS AFFECTING ACCURACY 

The hard-rubber jacket surrounding the 
scintillation crystal is only about 1 mm. 
thick. This dimension was chosen to keep 
the outside diameter of the probe small for 
easy insertion into body cavities. However, 
this jacket is not quite sufficient to stop all 
secondary electrons ejected by gamma rays 
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I'1G. 5. To demonstrate the effect of secondary elec- 
trons on the probe, the dosage rate at § cm. from a 
radium source (0.5 mm. Pt wall) was measured 
with plexiglas jackets covering the probe, using 3 
separate jackets with thicknesses of 3, 6, and 12 
mm. Data are plotted on semi-log paper. Dotted 
line is extrapolation of straight-line portion, slope 
line indicating absorption of 1.0 per cent for 3 mm. 
jacket. Penetration of secondary electrons through 
the black hard rubber jacket surrounding the crys- 
tal is demonstrated by a slight upward curve of 
the solid line at left. Separation of dotted and solid 
lines indicates an error of 6 per cent due to sec- 
ondary electrons when the plexiglas jacket is not 
used during calibration of meter in air. 


from the platinum capsule or from surround- 
ing shielding materials. Consequently (Fig. 
5), the sensitive end of the probe must be 
covered with a plastic jacket of 2 or 3 mm. 
thickness when making radium measure- 
ments in air. This thin jacket stops elec- 
trons but allows negligible absorption of 
the gamma rays. The calibration field was 
measured with plexiglas probe jackets of 
various wall thicknesses, ranging from 3 
mm. to 12 mm. The data when plotted on 
semi-log paper indicate an electronic com- 
ponent of 6 per cent which is stopped by 
the 3 mm. plexiglas jacket. This jacket ab- 
sorbs only 1 per cent of the gamma-ray 
flux. For measurements performed with the 
probe under water or inside a body cavity 
and surrounded by soft tissue, the plastic 
jacket is not needed, since the water or 
tissue stops the secondary electrons ejected 
from the source capsules. 


Edwin C. Ernst e¢ a/. 
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Secondary Sensitivity. Although the most 
sensitive region of the probe corresponds to 
the center of the anthracene crystal, the 
probe is slightly sensitive at the end nearest 
the phototube. This is probably due to a 
weak fluorescence of the pyrex glass rod or 
to Cerenkov light produced in this rod by 
high energy secondary electrons. Light 
produced in the end of the glass rod nearest 
the phototube is collected by the photo- 
tube more efficiently than light from the 
crystal and so, even though very weak, 
produces an undesirable background cur- 
rent. 

This effect is not to be confused with a 
light gamma-ray sensitivity of the photo- 
multiplier tube itself. An opaque shutter in 
the tube housing between the pyrex rod 
and the phototube is closed after each read- 
ing to determine the phototube current. 
This background current is partly due to 
the normal “dark” current of the tube and 
partly due to gamma radiation striking the 
photocathode. 

Considering just this light from the 
probe, the part generated by gamma radia- 
tion striking the pyrex rod near the photo- 
tube end can be separated quantitatively 
from the crystal fluorescence by measuring 
the dosage rate of a radium point source 
placed at varying distances perpendicular 
to the probe and comparing the data to the 
inverse square law. At short distances of 1 
to 2 cm., the gamma dosage rate at the 
anthracene crystal is much larger than the 
rate at the phototube end of the pyrex rod 
and the light generated in the rod itself is 
negligible compared to that produced by 
the crystal. At greater distances in relation 
to the length of the probe, the dosage rate 
at the crystal is not much larger than at the 
phototube; thus the light from the rod pro- 
duces a small deviation from the inverse 
square law. This effect can be minimized by 
surrounding the glass rod with a lead shield, 
reducing possible error to less than 1 per 
cent. 

In practice, 12 mm. linear radium sources 
were used instead of a point source to in- 
vestigate the above effect and the data 
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lic. 6. Dosage rates measured at various distances 
from linear radium sources are presented for com- 
parison with inverse square law. Rates have been 
multiplied by square of distance, so that data 
obeying inverse square law would lie on horizontal 
line G. All data have been normalized to 1.0 r/hr. 
at 1.0 cm. Dotted lines A and B are obtained in 
this way from the calculated dose rate given by 
Quimby" for 0.5 mm. Pt walled radium sources of 
1.0 and 2.0 cm. length, respectively. The down- 
ward curvature at shorter distances is due to the 
length of the sources. At distances greater than 
5.0 mm., the inverse square law is obeyed with 
less than 1 per cent error. Solid curve C intercon- 
nects data obtained with unmodified probe 
equipped with a crystal of good quality. Upward 
slope indicates some radiosensitivity of the glass 
light pipe. Solid curve D shows the improvement 
resulting from the use of a cylindrical /ead shield 
around the light pipe. Both curves C and D depart 
from the inverse square law at short distances be- 
cause of 12 mm. active length of radium sources. 
Curve E shows data obtained with an inferior yel- 
lowed crystal with reduced light output radio- 
sensitivity of light pipe, producing proportionately 
larger deviations. Curve F shows data obtained 
with a good quality crystal, lead shield, and short 
radium source of 3 mm. length. Smal] deviation 
from line G at shorter distances proves that errors 
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obtained at distances from 1 to 6 cm. were 
compared to the calculated values for linear 
sources. Figure 6 presents the produce of 
the dosage rate and the square of the dis- 
tance in centimeters. The scale is adjusted 
for convenience in plotting so that the 
dosage rate of a point source at I cm. Is 
1 r/hr. Data obeying the inverse square 
law would fall in the horizontal line G. 
Curves A and B represent data from 
Quimby" for sources 1 and 2 cm. in length, 
respectively. Curve C gives data obtained 
with the scintillation meter and a radium 
source 12 mm. in length. 

The light generated in the pyrex rod 1s 
about 6 per cent of the total for a perpen- 
dicular source-to-probe distance of 6 cm. 
A specially designed lead shield covering 
the pyrex rod reduces this to less than 1 per 
cent (curve D). Curve E shows the data 
obtained with an inferior yellowish anthra- 
cene crystal of reduced light output. Curve 
I shows data obtained with a source 3 mm. 
long and with the lead shield on the probe. 
This curve indicates that errors due to the 
finite size of the crystal are less than 2 per 
cent at 1 cm. distance. All measurements of 
the applicator fields are performed with the 
special lead shield covering the glass rod. 

A similar instrument with an internally 
polished hollow metal tube instead of a 
glass light type has been described by 
Belcher.! This bypasses the problem of 
fluorescence in the pipe but reduces the 
transmitted light intensity by about 60 per 
cent. For this reason we preferred the glass 
rod. 

Air Equivalence. An instrument that 
gives readings proportional to those of an 
“air-wall” ionization chamber over a wide 
range of radiation wave lengths is said to be 
air-equivalent. An instrument lacking this 
property must be calibrated in a known 
field of the same quality as that to be 
measured; for example, it would not be 
correct to calibrate such an instrument 
with radium and then measure a roentgen- 


due to the size of the crystal are less than 2 per cent 
at 1.0 cm. distance. 
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rav field of much longer wave length (lower 
kilovoltage). 

In dealing with the radiation field of 
radium in air, this distinction is not impor- 
tant, since the wave length spectrum is the 
same at all points in space. However, in the 
present case the monel or brass capsules of 
the applicator provide extra filtration and 
thus shorten the average wave length of 
the direct rays compared with the rays from 
the exposed source used for calibration. In 
addition, when the applicator is submerged 
in water, part of the field results from scat- 
tered radiation, which is of much longer 
wave length than the primary radiation. 
These are rather small effects with radium. 

The anthracene crystal of the probe is an 
organic material of low average atomic 
number. The light-tight shield around the 
crystal is made of black hard rubber, also of 
low average atomic number. These mate- 
rials are approximately air-equivalent for 
roentgen dosimetry above 200 kv. and for 
most gamma-ray 


ABSORPTION AND SCATTERING IN TISSUE 


Soft tissue surrounding the applicator 
changes the radiation field in two ways. 
First, some of the gamma rays traveling in 
a straight line from the radium source to 
the probe are scattered by the Compton 
effect into other directions and so miss the 
probe. A few are absorbed by the photo- 
electric effect and never reach the probe. 
Thus the primary radiation is reduced at 
the larger distances (5 to 10 cm.) from the 
applicator. The dosage rate within 1 or 2 
cm. from the applicator is not significantly 
affected by these effects. 

Secondly, some of the gamma rays trav- 
eling initially in other directions, so that 
they would never strike the probe in air, 
are scattered by the Compton eftect in 
tissue so that they do strike the probe. 
Thus to the reduced primary radiation field 
is added a secondary field. This secondary 
field does not obey the inverse square law, 
since the effective source of the scattered 
rays is spread throughout a large region 
surrounding the applicator. 
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The reduction caused bv straight-line 
absorption and scattering in the first case 
just cited can be estimated from the mass 
absorption coefficient of water for gamma 
rays.”? Kor monoenergetic gamma rays of 
I mev. energy, the primary radiation 1s 
reduced to 70 per cent of the air value by 
absorption and scattering in 5 cm. of water. 
Rays of 2 mev. energy are reduced to 78 per 
cent of the air value in 5 cm. of water. The 
secondary field coming from the surround- 
ing tissue does not quite make up for this 
reduction.":! The dosage rate at § cm. from 
a single radium source was observed to be 
go per cent of the air value while the source 
and probe were submerged in a 26 X20 X 10 
cm. water bath. The ratio of dosage rate 
measured under water compared to that in 
air at intermediate distances (Fig. 7) 1s in 
agreement with the data of Wooton, 
Shalek, and Fletcher” and others. 

Because of the complexity of these proc- 
esses and because the effects are not the 
same for all points of the field, mathemati- 
cal corrections for the scattering, though 
possible, are difficult. All measurements of 
the radium sources were made with the 
applicator and the crystal end of the probe 
under water, measurements per- 
formed with the radium-loaded applicator 
submerged in water include the eftects of 
absorption and scattering of gamma rays 
by surrounding tissues and thus show the 
dosage rate distribution as it exists in the 
tissues during treatment. The phototube 
remained above water. The crystal with its 
covering is of nearly the same density as 
water; therefore, its presence does not dis- 
tort the radiation field and the meter read- 
ing indicates the dosage rate under water 
at the position of the crystal. 


since 


SUMMARY 


1. Improved radiation results and more 
reliable comparative dosage measurements 
can be achieved in the distal areas of the 
pelvis if the radium technique employed is 
based on strict adherence to the principles 
of radiation physics of accurate spacing of 
the radium sources rather than on our 
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Fic. 7. Dosage rate measurements with radium 


sources and scintillation probe submerged in water 
simulate absorption and scattering effects of soft 
tissue, giving the ratio of underwater to air meas- 
urements and eliminating inverse square law and 
linear source correction factors. The reduction in 
measured rates due to water is indicated by devia- 
tion of the solid line from the horizontal dotted 
line. 


former more or less empirical, hit-and-miss 
loose capsule techniques. 

2. We realize that it is difficult to rou- 
tinely control the positions of individually 
packed loose radium sources in the vaginal 
vault in the presence of anatomic or patho- 
logic uterine deformities. 

3. Weare also aware that some groups of 
radiotherapists have developed consider- 
able skill in the placement of loose radium 
capsules, and we wish to pay homage to the 
early pioneer investigators in Stockholm, 
Paris, Manchester, and elsewhere who em- 
ployed the various techniques of applying 
loose and semi-loose radium capsules. 

4. However, in our experience at the 
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former Barnard Free Skin and Cancer 
Hospital, we found that irregularly dis- 
placed loose radium sources were largely 
responsible for producing undesirable radi- 
ation effects, such as slow-healing ulcers or 
rectovaginal fistulae in the vaginal vault 
when we employed a lethal radiation can- 
cer cell dose. 

This also emphasizes the futility of com- 
parative measurements in a phantom, or 
calculation of the dose of uncontrolled ra- 
dium capsules, without making the neces- 
sary corrections for any misplaced or sub- 
sequently shifting radium sources in the 
patient during the treatment period. 

5. We have therefore presented a more 
reliable method for obtaining dosage rate 
measurements in r/hr. at key points “A,” 
“B's “CO” (cervical os) and 200 other 
fields in the pelvis for 24 different dosage 
techniques. 

6. The radium holder and scintillation 
measuring instruments recently perfected 
offer the means for complete control of the 
distribution and fixation of the radium 
sources in the pelvis. Thus, our object to 
select in advance and accurately duplicate 
the dosage requirements in the same or 
other patients was achieved. 

Edwin C. Ernst, M.D. 
Beaumont Medical Building 
3720 Washington Avenue 
St. Louis 8, Missouri 
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GAS PRESSURE IN SEALED RADIUM CONTAINERS* 


By J. E. MORGAN, Pu.D. 


LOS ANGELES, CALIFORNIA 


URING recent years, an increasing 

number of accidents have been re- 
ported involving the more or less violent 
rupture of encapsulated radium sources, 
with consequent serious contamination of 
personnel and/or In 
some instances breakage has appeared to 
result directly from rough handling, such as 
an overly-enthusiastic application of for- 
ceps, or from being dropped and trampled 
on a hard floor. On other occasions, exces- 
sive heating has seemed to act as a trigger 
for the release of internal stresses. Com- 
parative evaluation of the few details avail- 
able suggests the existence of large, and 
perhaps random, individual differences in 
resistance to either mechanical or thermal 
abuse. Among numerous apparently unre- 
lated circumstances, however, a_ single 
parameter-—the age, or rather the time 
elapsed since sealing of the container—can 
probably be interpreted as offering some 
basis for correlation with susceptibility to 
trauma. 

The author recalls one example, not 
previously reported, when a combination of 
prolonged heat with forcible distortion re- 
sulted in only minimal damage. Five rela- 
tively new 10 milligram platinum needles 
had been thrown into a hospital incinerator 
with used dressings. The following day four 
of the five were recovered from the ashes, 
blackened and encrusted but still intact. 
The fifth, greatly enfeebled as to gamma 
emission, was finally located in a bent and 
partially flattened condition between the 
movable iron grates. Since no significant 
amount of residual radioactivity could be 
detected in the firebox after removal of this 
last needle, it was concluded that only 
radon gas had escaped through some fissure 
too small to permit appreciable loss of the 
radium salt. In the hot draft of the incin- 


erator, radon would of course have been 
blown rapidly out the stack with little 
opportunity to be adsorbed, or to deposit 
its decay products. It is noted in this con- 
nection that although the only portable 
survey equipment available at that time 
(circa 1933) was a gold leaf electroscope, 
which by modern standards would be con- 
sidered quite insensitive to gamma radia- 
tion, it should have been adequately re- 
sponsive to the heavier alpha ionization 
from any gross quantity of loose radium 
products. 

In contrast to such surprising evidence of 
initial ruggedness, there has been at least 
one occasion when a rather “old” capsule, 
lying entirely undisturbed on a table, was 
observed to erupt spontaneously. Witnesses 
to some other accidents, under less unique 
circumstances, have also described explo- 
sively audible escapes of gas which ejected 
clouds of powdery salts into the surround- 
ing air. Such facts as have been collected 
point toward a progressive buildup of inter- 
nal pressure, which may eventually reach 
critical proportions. It would thus seem to 
be in order to investigate the possible 
modalities by which gases can be produced 
within an enclosed container of radium, and 
to attempt an evaluation of their quantita- 
tive significance. Interest in this subject is 
sharpened by the fact that an appreciable 
number of the sources now in use were 
sealed twenty or more years ago, and, if 
pressures are continuing to rise with the 
passage of time, it must be expected that 
safe limits will eventually be exceeded. 

At present, there does not seem to be a 
practicable technique available for the 
direct determination of atmospheric condi- 
tions inside a radium needle. Nevertheless, 
by application of Avogadro’s law in con- 
junction with the well known disintegration 


* From the Department of Radiology, University of California Medical Center, Los Angeles, California. 
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TABLE I 


FREE SPACE AVAILABLE IN RADIUM MEDICAL APPLIANCES!! 


External Dimension 


l'ype 
mm. mm. 
5 mg. needles Pei 15 
1O mg. needles 1.75 20 
University of California needles 1.65 1g 
10 mg. tubes 2.8 a1.7 


sequence of the radium family, a theoreti- 
cally accurate picture of some of the events 
may be constructed. In our earlier efforts to 
calculate the numerical magnitudes of 
increasing pressures, there intervened a 
frustrating lack of reliable data concerning 
the free volumes available for gas expan- 
sion, so those figures were limited to hypo- 
thetical approximations. More recently, 
however, the necessary measurements listed 
in Table 1 have been made available! and 
the problem can now be approached on a 
more quantitative basis. We will therefore 
consider separately the three currently 
recognized contributions to gas accumula- 
tion: (A) radon, (B) helium, and (C) dis- 
sociated water. 


(A) RADON 


The following nuclear constants have 
been tabulated? for the first step of radium 
decay: 


(1620 yr.) 


—6Rn22? (3.625 da.)+.He?. (A-I) 


Even though a container of radium com- 
pound has been completely freed of radon 
before sealing, as is reported to be standard 
procedure,’ the buildup of fresh radon will 
reach approximate equilibrium with its own 
rate of decay within a few weeks. At that 
time, by definition, the quantity of radon 
present will be 1 mc per 1.0 mg. of radium, 
or 3.7 X10’ disintegrations per second. The 
total number of atoms present in 1 mc of 
radon may be calculated from that rate of 
disintegration times the average life in 


Internal Dimension ‘ree 
Internal Volume Space 
Tolume a-Ba S: 
mm. | mm. 
0.7 | 7 2.69 1.65 1.04 
| 12 4.62 2593 1.69 
0.6 10 2.02 1.47 
7§ 15 6.62 4.06 2. §2 
seconds: 
3-7 X KX 8.64 X 10! K 3.825 K 1.44 
=1.76X10% atoms. (A-II) 


By Avogadro’s law, each atom of this mon- 


atomic gas under standard conditions will 
occupy an average volume of: 
22.4 X 10° ’ 
6.02 1078 


The 1.76X10" atoms of radon found by 
equation (A-II) to be in equilibrium with 
1.0 mg. of radium will therefore occupy: 


1.76 X K 3.72 X 1071!" 


=6.55 X10 (A-IV) 


‘mm.°. 


Krom the dimensions given in Table 1 for 
representative types of containers, 
deduce a rough average of 0.2 mm.’ of free 
space available per 1.0 mg. of radium. The 
constant pressure contributed by radon 
will then be: 


we 


6.55 X10 
= 3.28 X10 * atmosphere. 
2.0X 107! 


(A-V) 


It is thus shown that despite an apparently 
instinctive tendency on the part of some in- 
dividuals to think of radon as the dominant 
factor in gas accumulation, its effect in 
terms of absolute pressure is entirely 
negligible. 


(B) HELIUM 


In addition to the radium-radon alpha 
transition formulated in equation (A-I), an 
additional alpha particle is emitted during 
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each of four other steps of the decay se- 
quence to s2:Pb?". Thus for each radium dis- 
integration, a total of five atoms of helium 
is produced. By this process, 1.0 mg. of 
radium will generate helium at the rate of: 


5 X 3-7 X 107 X 8.64 X 10! X 365 
= §.83X10" atoms, year. (B-I) 


It was shown by equation (A-IIT) that a 
volume of mm.?/atom is re- 
quired at S.T.P. Under those conditions, 
each year’s accumulation of helium would 
occupy: 


5.83 10 XK 3.72 
=2.17X107! mm.*. (B-II) 


That quantity of gas, confined in the 0.2 
mm.* space previously determined, will 
cause a net annual rise in pressure amount- 
ing to: 

2.17 XK 107! 

=1.09 atmospheres year. (B-III) 

2.0X 107! 
In view of the fact that, unless leakage 
intervenes, an internal force of approxi- 
mately 320 pounds per square inch will be 
developed in the course of twenty years, 
this continuous rate of helium formation 
should by no means be considered negligi- 
ble. 


(Cc) DISSOCIATION OF WATER 

The ability to dissociate water into 
gaseous components was among the earlier 
experimentally noted properties of radium,’ 
and has since been studied in considerable 
detail from the standpoint of biologic as 
well as chemical significance. Among the 
quantitative measurements of several in- 
vestigators as compiled by Lea,® there is 
reasonable agreement on an average yield 
factor of approximately one molecule H» 
per ion pair, produced by alpha radiation 
in purified liquid phase water. Some doubt 
has been expressed as to whether any de- 
composition takes place in the vapor state, 
and the assumed straightforward reaction 
2 H,O-2 H.+O, appears to be compli- 
cated by an intervening formation of H,O». 
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kurthermore, in the presence of a reducible 
substance, oxygen but no hydrogen will be 
evolved, while if an oxidizable substance is 
present there will be hydrogen but no 
oxygen. All in all, the picture is not quite as 
simple as might be desired. 

Krom the standpoint of contribution to 
pressure within a radium source, it is most 
dificult to understand how water could re- 
main in such a container through the proc- 
esses of filling and sealing. In the produc- 
tion routine described by Pregel,’ it is speci- 
fied that the (Ra-Ba) Bry, crystals are dried 
and crushed before being loaded into the 
tubes and weighed. Complete de-emana- 
tion is then ettected before closure by keep- 
ing the filled tubes on a hot plate for ap- 
proximately one hour, which treatment 
might equally well be considered an addi- 
tional period of desiccation. Finally, it 
should be remembered that the actual seal- 
ing of the metal containers is accomplished 
by or silver solders or brazing alloys, 
whose working temperatures range up- 
ward from 500° C. 

Furthermore, if we ignore all the ap- 
parent contraindications and assume that 
water has in some way been entrapped 
within the radium source, still another 
puzzling speculation arises. As dissociation 
progresses, an intimate and critically pro- 
portioned mixture of intensely ionized 
hydrogen and oxygen would be subjected 
to rapidly increasing ambient pressure. 
Under such favorable conditions for reac- 
tion, why should not immediate recombina- 
tion take place to balance the rate of de- 
composition 

Although we have been inclined to ac- 
cept the various arguments outlined above 
as adequate grounds for eliminating water 
from serious consideration, some newly re- 
ceived information” indicates that under 
certain circumstances it must be possible 
for a significant degree of aqueous con- 
tamination to occur. Pertinent excerpts 
from the original communications are 
quoted as follows: “Our conclusions are 
based on many years of experience in open- 
ing tubed radium salts and in every case 
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where we encountered any appreciable 
pressure build up we have been able to 


trace the cause to improper dehydration of 
the salt prior to sealing. This may, of 


course, have been coincidence, but we are 
quite sure that, in those cases where we 
have encountered a violent reaction when 
the tube is opened, most of the pressure 
causing the difficulty has been due to a 
build up of hydrogen and oxygen from 
decomposed water or water vapor,” and 
again: ““We have handled many sealed con- 
tainers in our work and we encountered 
difficulty with sealed sources obtained from 
only one supplier, and this situation, | 
think, has now been corrected. To the best 
of our knowledge there have been no recent 
reports of the rupture of sources, except, 
perhaps, in a case where cells fabricated ten 
to fifteen years ago are still in use.” 

In deference to such a weight of first- 
hand evidence, we should now attempt to 
evaluate the internal forces which can be 
derived from the dissociation process. As 
previously noted, some reaction constants 
involved here are less clearly defined than 
those for the formation of radon or helium, 
but at least an order of magnitude of maxi- 
mum predictable values may be attainable. 
The first major uncertainty is the relative 
quantity of water which could be present. 
Since the preceding quotation referred to 
“improper dehydration” rather than to any 
actual free liquid, it seems probable that 
the two molecules of H.O per molecule of 
total salt content which can be held in di- 
hydride form would represent an extreme 
upper limit. Also, since there seems to be no 
definite proof that any compensatory re- 
combination or any loss through oxidation 
or reduction actually takes place, we should 
assume that all available water will finally 
be converted to and Consider first 
that each milligram of radium element 
contains: 


10% 
226 X 1.67 X 10774 


In a typical? mixture of (g0 per cent Ra 
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+10 per cent Ba)Bro, this further specifies 
the number of RaBr. molecules. In addi- 
tion, there are 10/g0 as many of BaBrys, so 
the total number for the salt mixture is: 
2.65 X10'*& (1+ 10/g0) 

=2.94X10!'* molecules. (C-IT) 


This is also one-half the figure to which we 
assumed the number of water molecules 
would be limited, and corresponds to ap- 
proximately 160 wg. HO per 1.0 mg. of 
salt, or 16 per cent by weight. 

Kor each two molecules of HzO decom- 
posed, there will result two molecules of 
H. plus one of Os, or a total of 3X2.94 
xX 10!8 gas molecules per 1.0 mg. of radium 
element. The volume occupied by these 
gases under normal conditions would be 
8.82 10'8 3.72 K 107!’ = 328 mm.*, Con- 
fined to the 0.2 mm.* average space avail- 
able, the resulting pressure would be 
328 /0.2=1,640 atmospheres. There is cer- 
tainly no doubt that if such a quantity of 
water were sealed in such a container, and 
if the reaction were to proceed under opti- 
mum conditions to complete dissociation, a 
very high internal pressure would be de- 
veloped! 

It appears further that the rate at which 
this pressure rises will be significantly 
greater than that of the other gases under 
consideration. As previously noted, one 
molecule of H» (plus half a molecule of O.) 
is to be expected for each ionizing event. 
Since alpha particles are responsible for 
over gO per cent of the ionization in close 
proximity to equilibrium radium, the beta 
and gamma components may be neglected. 
An average yield of about 10* ion pairs per 
micron of path in water has been attrib- 
uted® to each radium alpha particle, so 
that even in the cramped confinement of a 
radium needle, each one should have the 
opportunity to instigate several such events. 
If even approximately correct, this reason- 
ing would indicate an initial rate of hydro- 
gen-plus-oxygen buildup several times 
faster than the one molecule per alpha yield 
of helium. 

Expressed in atmospheres, or pounds per 


Ve 


— 
S¢ 
| 
tl 
W 
W 
a 
p 
Cl 
b 
y 
d 
n 
t 
} 
| 
| 
( 


VoL. 85, No. 5 


square inch, such gas pressures seem very 
large. Due to the small internal cross sec- 
tion area exposed, however, the actual 
linear stresses exerted on the walls are well 
within tensile limits of the metals involved. 
It may be assumed in general that, unless 
weakened by excessive heat or mechanical 
abuse, any properly fabricated and sealed 
platinum-iridium (or brass, or monel, or 
steel) container whose wall thickness is 
comparable to its internal diameter should 
be capable of withstanding even larger 
values of accumulated pressure. Any evi- 
dence of structural weakness will usually 
manifest itself around the joint or plug 
used to close the capsule. Although a per- 
fectly brazed or hard soldered seam may 
initially show nearly the same strength as 
the parent metal, its melting or softening 
point is necessarily lower, and it is likely to 
be more vulnerable to any accidental flex- 
ing strain. In addition, we would be exces- 
sively optimistic to assume that workman- 
ship will be perfect in every case. Normal 
autoclaving will temporarily increase any 
pre-existing internal gas pressure by 25 to 
35 per cent above that at room tempera- 
ture, but will have no appreciable influence 
on metallic strength. If, however, needles 
are being sterilized in an open pan of water 
and are allowed to boil dry,' direct expo- 
sure to hot plate or flame temperatures may 
weaken the seal enough to permit either 
immediate or subsequent separation, ac- 
cording to the amount of gas present. 

In recognition of the greatly increased 
hazard shown to exist in the presence of 
water, it is to be fervently hoped that this 
particular situation has now been cor- 
rected, as believed by Wallhausen” and 
that such improperly dehydrated sources 
will not again become a problem. As to the 
inevitable and quantitatively predictable 
accumulation of helium gas, we can only 
exercise maximum care to avoid both exces- 
sive heat and mechanical abuse. One pos- 
sible safety precaution might be to return 
all sources to the supplier for opening and 
re-encapsulation, at intervals of perhaps 
ten years or less. It is obvious that, if break- 
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age does occur through some unforeseen 
accident, the greater the internal pressure, 
the more widely scattered will be the result- 
ing contamination. It also seems worth 
noting in this connection that, in case of the 
small leaks which are occasionally detected 
by “radon wipe tests,” excess helium pres- 
sure will be relieved very rapidly, due to 
the high rate of mobility of helium through 
small orifices. 


SUMMARY 


Krom calculations of the internal gas 
pressures which can be predicted to de- 
velop in representative types of medical 
radium appliances, it is concluded that: 

(A) Radon quickly reaches an equilib- 
rium value of negligibly small magnitude. 

(B) Helium is continually evolved at a 
rate which corresponds to approximately 
one additional atmosphere each year, and 
for practical purposes its eventual pressure 
will be limited only by the age of the sealed 
preparation. 

(C) Hydrogen and oxygen would be 
generated very rapidly by dissociation of 
any water which might accidentally be 
present. The resulting pressure, depending 
on the quantity of water initially available, 
could conceivably reach an order of magni- 
tude of several hundred atmospheres. Ap- 
parently, and fortunately, aqueous con- 
tamination is now a diminishingly rare oc- 
currence. 

It is suggested that special care in han- 
dling radium containers, avoiding both ex- 
cessive heat and mechanical strain, will 
tend to minimize the hazard of explosive 
rupture caused by inevitable accumulations 
of helium. Periodic re-encapsulation of 
sources, at intervals of a few years, would 
serve to limit the maximum pressures at- 
tained. 

Department of Radiology 

School of Medicine 

University of California Medical Center 
Los Angeles 24, California 
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Company, for securing the data listed in Table 
1; to Mr. H. B. Kearney, Sales Manager, 
Canadian Radium & Uranium Corporation, for 
reference No. 9; and to Mr. C. W. Wallhausen, 
Vice President, United States Radium Corpora- 
tion, for reference No. 12. 

ADDENDUM 

Some time after this paper had been ac- 
cepted for publication in this JouRNAL, an 
additional reference (Curie, M. Extract 
from a paper on measurements used in 
radioactivity and the radium standard. 
Am. J. RoENTGENOL., 1922, 9, 607-611.) 
of considerable historic interest came to the 
attention of the writer. It appears that dur- 
ing preparation of the International Ra- 
dium Standard in August, 1911, Madame 
Curie not only anticipated the problems of 
gas formation, but took pains to eliminate 
the aqueous contamination hazard, and in 
addition proposed a future procedure for 
release of the accumulated helium. Her 
report indicates that after having filled 
the tube with pre-desiccated RaCl, crys- 
tals at 80° C., she then subjected it to fur- 
ther heating at 150° C., before it was sealed. 
Her comment on this point is quoted as fol- 
lows: “But as the salt has been carefully de- 
prived of all its water of crvstallization, the 
production of explosive g ses, a usual oc- 
currence with a hydrated salt, is not to be 
feared. The only gas production to be con- 
sidered is that of helium; this cannot be 
avoided.” 

She calculated that this particular quan- 
tity of 0.01675 gm. Ra, with a half-life of 
2,000 (sic) years, would produce about 2.5 
mm.* of helium per year. Since the salt oc- 
cupied not more than 6 mm.’ of the 25 mm.? 
space in the tube, the rate of increase in 


pressure would be only ¢ atmosphere per 
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vear, so she suggested the advisability of 


waiting 15 years before opening this tube 
to permit the escape of excess gas. 
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THE USE OF CALCIUM 47 IN DIAGNOSTIC STUDIES 
OF PATIENTS WITH BONE LESIONS* 


By K. R. COREY, M.S., P. 


KENNY, M.S., E. GREENBERG, M.D., A. PAZIANOS, M.D., 


O. H. PEARSON, M.D., and J. S. LAUGHLIN, Pu.D. 
NEW YORK, NEW YORK 


Shee report describes technical aspects 
of the use of calcium 47 for diagnostic 
studies in patients with bone lesions, to- 
gether with preliminary results of its clin- 
ical application. Calcium 47 is a radio- 
active isotope of calcium which has a short 
half-life (4.7 days) and emits a high energy 
gamma ray (1.31 mev.) as well as beta rays 
and other gamma rays. These physical char- 
acteristics make it attractive for clinical 
studies of calcium metabolism since the 
short half-life permits repetitive studies and 
minimizes any radiation hazard, while the 
energetic gamma ray permits external de- 
tection of the site of uptake and the deter- 
mination of the calcium turnover, as well 
as measurement of the concentration in 
urine and blood. 

Historically, calcium 47 has been pro- 
duced in several different reactions?:®!)) 
utilizing bombardment with protons, deu- 
terons, and neutrons. It has been difficult 
to obtain it with adequately high specific 
activity, and also to minimize the presence 
of other isotopes such as calcium 45. Since 
a report in 1955 by workers at the Oak 
Ridge National Laboratories on the pro- 
duction of calcium 47 by proton bombard- 
ment of targets enriched in calcium 48," 
we have looked forward to the availability 
of this isotope for metabolic studies. This 
reaction is still potentially the most hopeful 
for high specific activity and low contam- 
ination, but calcium 47 is not yet available 
produced in this manner. However, as de- 
scribed in this same report and by others,° 
calcium 47 may be produced by neutron 
capture in calcium 46. Since calcium 46 
occurs naturally with an abundance of only 
three-thousandths of 1 per cent, consider- 


able enrichment is necessary and has been 
accomplished by electromagnetic separa- 
tion at the Oak Ridge National Laboratory. 
All of the calcium 47 utilized in the studies 
reported here was made from enriched cal- 
cium 46 obtained from the Oak Ridge Na- 
tional Laboratory. 

Our work with this isotope commenced in 
May, 1958, and up to December, 1959 a 
total of 43 studies had been made on 30 
patients. Of 29 were complete 
studies, combining kinetic blood and uri- 
nalyses with external counting examination 
conducted on 18 subjects, while 14 other 
studies were limited to external counting. 


these, 


MATERIALS AND METHODS 


The decay scheme of calcium 47 is shown 
in Figure 1 as derived from reported meas- 
urements.'?:*! As indicated, it decays either 
with the emission of beta rays with a max- 
imum energy of about 2 mev. directly to 
scandium 47, or more frequently with the 
emission of beta rays with a maximum 
energy of 0.66 mev. followed by a gamma 
ray with an energy of 1.31 mev. (77 per 
cent), or, alternatively, with two gamma 
rays (0.49 mev., 0.83 mev.). The sequence 
of these latter two gamma rays is not 
known. Scandium 47 decays either with 
beta rays with a maximum energy of 0.60 
mev. to the ground state of titanium 47, or 
alternatively with 0.44 mev. maximum 
energy beta rays followed by a 0.16 mev. 
gamma ray. The gamma-ray spectrum as 
obtained with scintillation crystal 
spectrometer is shown in Figure 2. 

Calcium carbonate enriched in calcium 
46, enclosed in a quartz ampule, was irradi- 
ated with neutrons at Brookhaven National 


our 
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Fic. 1. Decay scheme of calcium 47. Energies 
are in units of mev. 


Laboratory. After irradiation, it was dis- 
solved in a small amount of 0.01 N hydro- 
chloric acid and then made up to about 
20 ml. with 0.9 per cent saline solution and 
sterilized. An aliquot of this solution was 
standardized. The details of production and 
standardization are described separately. A 
dose of 20-40 wc contained in 3-10 cc. was 
then injected intravenously with a cali- 
brated syringe. Aliquots from the solution 
were prepared for use as reference sources 
in the assays of radioactivity. 

External counting was done with a 
counter originally designed for radioiodine 
measurements. It has a 1X13 inch sodium 
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lic. 2. Gamma-ray spectrum of 
calcium 47 and scandium 47. 


May, 1961 


iodide crystal surrounded by a 3 cm. thick 
lead shield with a 4 cm. diameter aperture. 
For the present work, it was modified by 
the extension of the shield 7 cm. in front of 
the crystal, to leave place for a removable 
7 cm. thick lead absorber. Counting was 
done with the shield aperture in direct con- 
tact with the skin above the area of bone 
being examined. Two counts were taken at 
each location with and without the 7 cm. 
thick lead plug in the aperture. The meas- 
urement with the lead plug allows an esti- 
mation of the background due to the pene- 
tration, through the shield of gamma rays 
from calcium 47 deposited in the rest of the 
body. For blood, urine, and stool measure- 
ments a well type scintillation counter was 
used. 

All counting was done with gamma-ray 
spectrometers. For each counter, discrimi- 
nator settings were selected to give optimum 
statistical accuracy. For the average size 
crystals used for well counting and uptake 
measurements, integral counting with little 
discrimination is most advantageous. To 
eliminate scandium 47 gamma rays, dis- 
crimination against energies below 400 kev. 
was used. The results of the detailed con- 
siderations of the optimum discrimination 
settings will be presented for the case of the 
whole body scanner. 

Patients were maintained under condi- 
tion of metabolic balance. Blood samples 
were drawn at frequent intervals during the 
first 24 hours and once a day for 7—10 days. 
Urine was collected in 24 hour samples. 
Fecal collections were obtained in 3 day 
periods. Chemical determinations of cal- 
clum were made on all serum, urine and 
fecal collections by the method of Fiske and 
Logan.’ Two cubic centimeter samples of 
serum were used for assay of radioactivity. 
The calcium in a 25 cc. aliquot of urine 
samples was precipitated as oxalate. The 
precipitate was redissolved in 2 cc. of nitric 
acid and counted. Fecal collections were 
homogenized, and 4 cc. of the homogenates 
used for counting. Aliquots of the original 
calcium 47 solution were also counted and 
the results of serum, urine, and stool assay 
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were expressed as percentages of injected 
dose per gram calcium. Counting was done 
to $ per cent accuracy. External counting 
was done over normal bony areas as well as 
over sites of lesions, daily or in some cases 
every second day of the study. An aliquot 
of the orignial solution was counted in a 
thyroid phantom and the uptakes were 
expressed as percentages of the dose for 
convenience. No attempt was made to cor- 
rect these data for absorption or geometric 
factors. 

In some cases, pieces of bone were ob- 
tained after surgery or autopsy and radio- 
autographs made. About 3 mm. thick slices 
were prepared, defatted in ether or acetone, 
and dipped in dilute collodium solution. 
They were then applied in contact with no 
screen film under pressure for periods of 
about 3 weeks. 


PRODUCTION AND ASSAY OF CALCIUM 47 

The theoretic relative activities of cal- 
cium 47, calclum 45, and scandium 47 are 
shown in Figure 3 during one week of neu- 
tron irradiation of enriched calcium 46, and 
for two weeks following irradiation. Our 
assays of calcium 47 were based on a stand- 
ard calibrated at Oak Ridge by a gamma 
ray ionization chamber and by scintillation 
spectroscopy. This standard was counted 
in our laboratory with a_ scintillation 
counter with all pulses above 0.64 mev. 
accepted. A cobalt 60 reference source was 
counted with the same geometry and dis- 
crimination, and all subsequent prepara- 
tions were standardized against it. The cali- 
bration has remained within+5 per cent 
of the original measurement. A total of 24 
irradiations of enriched calcium 46 and 
preparations of calcium 47 has been made. 
The calcium 45 activity was measured by 
beta counting after decay of the calcium 
47. Table 1 shows the results of the assays 
of calcium 47 and calcium 45 in 10 of our 
preparations. The yields of these isotopes 
were also estimated from the neutron flux, 
the composition of the irradiated sample, 
and the published data on the cross-sec- 
tions of calcium 44 and calcium 46.” The 
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FLUX: 10'? NEUTRONS/CM2/SEC. 
ISOTOPIC ANALYSES: 
CALCIUM 40 = 82.8% 
CALCIUM 44 = 12.8% 


IRRADIATION CALCIUM 46 = 2.3% 


MICROCURIES PER MILLIGRAM 


T T T T 
8 10 2 14 16 8 20 
TIME IN DAYS 


Fic. 3. Relative growth and decay of calcium 47, 
calcium 45, and scandium 47 during and following 
one week of irradiation. Relative specific activi- 
ties shown here were calculated for the 2.3 per cent 
enrichment of calcium 46. For 9.5 per cent en- 
richment, the ratio of calcium 47 to calcium 45 spe- 
cific activities is 14:1 at the end of one week’s 
irradiation. 


data in the table show that in the majority 
of cases good agreement existed between 
the measured and calculated yields of cal- 
cium 45, while unexpectedly high yields of 
calcium 47 were found. The calculated 
vields may be in error in some cases due to 
variations in the neutron flux. Therefore, 
the ratio of the calcium 45 and calcium 47 
vields was computed for both the calculated 
(R.) and assayed (R.) yields. Finally, the 
ratios of these values were calculated: 
R./R,. It can be seen that R./R, was about 
2.5 instead of 1.0 as expected. Since the 
calcium 45 assays were in reasonable agree- 
ment with the calculated yields, we have to 
conclude that the cross section of calcium 46 
is probably 2.5 times larger than the pre- 
viously published value. This is a fortunate 
finding and its significance will be apparent 
when the dosimetry is discussed. During 
these assays, a contaminant with a long 
half-life which emitted very weak gamma 
rays was discovered in three of the prepara- 
tions. It has not been identified as yet, but 
it accounted for a negligible amount of the 
activity. In Table 1 three different enrich- 
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TABLE | 


YIELDS OF CALCIUM 47 AND CALCIUM 45 


Assayed Yield Calculated Yield 


Enrichment Time of 
Date at End of Per Irradia- 
Irradiation of Cal- tion Ca‘? Cat’ Cats 

cium 46 (hr.) (uc) (uc) (uc) (uc) Ra 
March 2, 1959 zs* 115 87 18 33 18 0.21 0.55 2.6 
March 16, 1959 2.3" 144 107 26 38 23 0.24 0.61 2.5 
March 30, 1959 ok 205 22 40 46 33 0.33 0.72 2.2 
April 1, 1959 7° 219 132 36 47 35 0.27 0.73 2.7 
April 16, 1959 1.99T 172 73 14 34 19 0.19 0.56 3.0 
April 27, 1959 1.99T 200 82 22 40 24 0.27 0.60 $.2 
June 8, 1959 1.99T 140 67 12 30 16 0.18 0.53 2.9 
June 17, 1959 86 187 105 0.022 0.049 2.2 
September 14, 1959 I .99T 194 26 44 23 0.19 0.52 

November 16, 1959 9.5f 194 160 3 0.028 0.067 2. 


* 12.8% calcium 44. 


T 9.59% calcium 44. 

t 5.13% calcium 44. 

Ra=ratio of assayed yield of calcium 45 to calcium 47. 
R.=ratio of calculated yield of calcium 45 to calcium 47. 


The weight of the calcium was 2 mg. except in the last preparation where c 


.§ mg. was used. The neutron flux was 1.3-1.5X 108 


n/cm.?-sec. The values for the yields are given as of the date at the end of each irradiation. 


ments of calcium 46 are indicated. The 
higher enrichments which gave a lower cal- 
cium 45 relative yield were employed in 
patients with long or normal life expect- 
ancy. 
DOSIMETRY CONSIDERATIONS 

For the diagnostic studies it was neces- 
sary to set an upper limit on the adminis- 
tered dose of calcium 47. This required 
consideration also of the concomitant doses 
delivered by the calcium 45 and scandium 
47 contaminants. For patients with long or 
normal life expectancy the recommenda- 
tions of the National Committee on Radia- 
tion Protection (NCRP) on maximum per- 
missible body burdens for occupationally 
exposed workers constitute an appropriate 
guide. Handbook 69 contains a list of max- 
imum permissible concentrations of most 
radioactive isotopes in air and water com- 
puted on the basis of these recommenda- 


the total intake in 13 weeks has been cal- 
culated and is given in Table 1. These 
values apply to oral intake of the isotopes. 
No similar calculations have been made for 
the case of intravenous administration but 
it is reasonable to assume that the permis- 
sible intake in this case would probably be 
less by a factor of 2 for calctum and much 
greater for scandium. The recommenda- 
tions of the NCRP permit up to 3 rem (60 
per cent of the annual exposure) in any in- 
terval provided that no more is received 
during 13 consecutive weeks. An older per- 
son could receive 12 rem in one year on this 
basis. Table 1m contains no allowance for 
the additional dose that could be permitted 


TABLE II 


MAXIMUM PERMISSIBLE INTAKE FOR 168 HOUR WEEK 
ACCUMULATED IN 13 WEEKS (uc) 


Gastrointestinal 


tions such that even continuous intake over Isotope Bone Toate 
a $0 year period will not result in exceeding §=————____-_____ _— 

the maximum permissible body burden.'” Calcium 45 18 800 
On the basis of the data in Handbook 69, Calcium 47 100 160 


for 168 hours per week, continuous intake, 


Scandium 47 120X105 180 
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on such a basis, but is a simple 13 week 
accumulation of the average permissible 
weekly dose. 

In the case of scandium 47 the gastro- 
intestinal tract is the critical organ. The 
concentration of scandium 47 in our prepa- 
ration is always less than that of calcium 47 
at the time of injection, and what dose is 
delivered to the gastrointestinal tract is 
primarily due to the calcium 47. Conse- 
quently, the scandium 47 in the prepara- 
tion at the time of injection can be ignored. 
The dose contribution by the scandium 47 
produced in the body by decay of the cal- 
cium 47 is included in the dose estimate for 
calcium 47. 

According to Table 11, 100 we of pure 
calcium 47 would be a permissible single 
tracer dose, but if accompanied by 18 uc of 
calcium 45 the bone dose would be doubled. 
Accordingly, 1 ue of calcium 45 is equiva- 
lent to 100/18 = 5.5 uc of calcium 47. If R is 
the ratio of the contaminant calcium 45 to 
calcium 47 in the preparation, the max- 
imum permissible tracer dose (7) becomes: 


| Tee) 


1+ 5.5R 


where 4 is in microcuries of calcium 47. 
As shown in Table 1, the value of R in 


Ca‘? in Diagnostic Studies 959 


our preparations ranged from 0.02 to 0.33 
uc of calcium 45 per microcurie of calcium 
47 at the end of irradiation. Since most of 
the injections are made 1.5 days later, these 
ratios will be increased by 1.25. The cor- 
responding permissible tracer doses for 
these values of R are 33 uc and 89 uc, re- 
spectively. In practice, our tracer doses 
have ranged from 20 bc tO 40 mC. Moreover, 
for repeated doses to patients with normal 
life expectancy the highest enrichments of 
calcium 47 have been used (R=0.02), and 
only 20 we of calcium 47 was given. The 
total calcium 47 equivalent dose (including 
calcium 45) has in all such cases been con- 
siderably less than 100 uc. This dosage 
schedule has left a large safety margin. 

In connection with the possible thera- 
peutic use of the isotopes of calcium or 
strontium in instances where the isotope 
concentrates selectively in or around the 
lesion, a comparison has been made and is 
shown in Table 11 of the total dose deliv- 
ered in bone and body by calcium 46, cal- 
cium 47, strontium &g, and strontium 
The administered activities required to pro- 
duce a total dose of 2,000 rad in bone have 
been estimated. For this comparison the 
following assumptions were made: that the 
concentration of the radioactive isotope was 
5 times greater in the lesion in the bone 


TasB_e III 


rOTAL DOSE COMPARISON FOR BONE-SEEKING RADIOACTIVE ISOTOPES 


Diseased Bone 


Total Dose (rad) Healthy Bone 


Body 
Millicuries | 


Days for 80% Dose 
Assumptions: 
1. Concentration in diseased bone is five times that of healthy 
2. Total decay takes place in bone. 
3. Skeleton= 10% of body. 
4. Body weight=7o kg. 
5. Bone with lesion= 20% of skeleton. 


Calcium 45 


Calcium 47. Strontium 89 Strontium 85 


40 43 400 1,350 
> 40 G1 I ,320 
§.5 27-5 2.4 g2 

379 11 148 116 

bone. 
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than in the healthy bone; that all of the 
decay took place in the bone and no elimina- 
tion occurred; that 20 per cent of the skel- 
eton was occupied with the lesion; that the 
body weight was 70 kg.; and that the skele- 
ton weight was 7 kg. For purposes of the 
computation the different parts of the body 


were approximated by cylinders of water of 


various dimensions. A bone distribution 
was assumed and the absorption of the 
gamma rays in the water was calculated by 
numerical integration. An additional con- 
sideration is the relation of the beta-ray 
ranges to the geometric pattern of the tu- 
mor cells and the sites of isotope concen- 
tration. In the osteogenic sarcomas the 
isotope is concentrated in the neoplastic 
cells, whereas in the metastatic lesions the 
isotope is concentrated adjacent to the neo- 
plastic cells. In the latter case the beta-ray 
range is, therefore, an important factor. On 
the basis of low body dose, a reasonable 
half-life as well as the range of its energetic 
beta rays, strontium 89 appears potentially 


most hopeful for therapy, particularly of 


widespread metastatic lesions. Contamina- 
tion with strontium go is its major disad- 
vantage, at present. 

On the basis of our localization and ki- 
netic studies, an estimate of the bone and 
body dose is being made. This should be 
more realistic than the calculated estimate 
in that it will permit weighting of the local- 
ization of the sources, since the uptake by 
different bones is quite different, and in 
that it will permit allowance for the elimi- 
nation of the isotope from the body. 


SELECTION OF ENERGY DISCRIMINATION FOR 
EXTERNAL COUNTING 

Since it is desirable to keep tracer doses 
as small as possible, efforts have been di- 
rected towards finding the most efficient 
counting conditions. This is especially im- 
portant in external counting where the 
background is influenced by radioactivity 
in parts of the body that are not under the 
counter. The considerations applying to 
the total body scanner, described in this 
paper, are reported here, both for the case 
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of automatic scans and for stationary 
counting over selected points. 

An investigation of the optimum selec- 
tion of energy discrimination for these two 
ditferent applications has been made to de- 
termine how to obtain the best statistical 
accuracy in a given time for each applica- 
tion. In the first case, the only information 
obtained is the total count rate, including 
the background, at each point. This is to be 
taken as a measure of the net activity at 
each point. There are two kinds of error to 
be minimized here: (1) the proportion of 
background counts present in the total 
count and (2) the statistical error in the 
total count, of which the standard devia- 
tion is a measure. Expressed as percentages 
of the total count rate, these errors may be 
written as: 


B I I 
-X 100, and — Xx 


== X 100, 
C VU 


respectively, where B is the background 
count rate, C is the total count rate of a 
sample including the background, and T is 
the time for which C is measured. 

It is obvious that where the background 
is small compared to the sample count rate, 
the background errors become negligible 
and the major error arises from the statisti- 
cal fluctuation in the sample count rate. In 
such cases the highest statistical accuracy 
in a given counting time is obtained by 
using the discriminator settings which give 
the higest count rate. Thus, integral count- 
ing with minimum discrimination should 
be used. In counting calcium 47, we have 
selected 0.4 mev. as the lowest acceptable 
discrimination for integral counting. This 
is to ensure that no gamma rays from the 
daughter product,scandium 47, are counted. 

At lower net count rates, where the back- 
ground is not negligible, it might be advan- 
tageous to use other discrimination settings 
in order to reduce the error due to the back- 
ground. Consequently, we will now con- 
sider the accuracy which can be obtained 
for samples with integral count rates be- 
tween 100 and 5,000 counts per minute. 
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lic. 4. Variation of background error and statistical 


error with integral count rate above 400 kev. 


The best ratios of sample net counts to 
background counts are obtained at the 
photopeak. A representative setting of a 
channel width of 120 kev. centered over the 
1.3 mev. peak was selected, and will be 
referred to as the differential setting. With 
these particular integral and differential 
settings, the background count rates were 
694 and 30 counts per minute, respectively. 
These were obtained with approximately 40 
uc of calcium 47 close to the counter shield 
in order to simulate the presence of radio- 
activity in a patient under study. The net 
count rate of a calcium 47 sample was 3.41 
times larger with the integral setting than 
with the differential setting. For conven- 
lence, it was also assumed that the total 
counting time was one minute. Then the 
statistical percentage error and that due to 
the unsubtracted background were calcu- 
lated for both differential and integral 
settings, for samples with integral count 
rates between 100 and 5,000 counts per 
minute. The results are shown in Figure 4. 
The total integral count rate C, which in- 
cludes the background, is on the abscissa. 
It will be seen that differential counting on 
the 1.31 mev. peak gives a somewhat larger 
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statistical error but a considerably smaller 
background error for this range of count 
rates than integral counting, and is there- 
fore the best setting. It is, however, also 
apparent that if the sample gives a total 
integral count rate of less than 1,000 counts 
per minute (a net count rate of 300 counts 
per minute) then even with the differential 
counting technique errors become very 
large. Under such conditions, it is necessary 
to subtract the background and use longer 
counting times to obtain a better accuracy. 
This case is the second application referred 
to above and will now be discussed. 

It can be shown that when the total 
counting time is divided optimally between 
the sample and background measurements, 
the minimum time in which a specified per- 
centage standard error / can be achieved 
is given by: 


are © jc 
where is 


9 is often referred to as the figure of merit 
of a counter. In Figure 5, 9 is plotted 
against the net integral count rate for en- 
ergies above 400 kev., above 1.12 mev., and 
for the differential setting with a 120 kev. 
window on the 1.3 mev. peak. From this it 
will be seen that for net count rates from 50 
to approximately 400 counts per minute 
the differential setting of 120 kev. on the 
1.3 mev. peak is best, while above this rate 
integral counting of energies above 0.4 mev. 
is most advantageous. (This result is in con- 
trast to that for a well type counter, where 
the photopeak efficiency of the 
smaller crystal makes integral counting for 
calcium 47 samples better down to the 
lowest count rates.) This determination 
depends on a measurement of the spectrum 
of calcium 47 and that of the background 
spectrum (taken with approximately 40 yc 
of calcium 47 in the vicinity of the counter 
to simulate the presence of a patient under 
study). Corresponding values of C and B 
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are calculated for different discriminations 
and the value of 9 is calculated for each. 
These graphs cover the range of count rates 
likely to be of interest in studies where 
tracer doses of about 40 uc of calcium 47 
are given and uptakes of the order of 1-2 
per cent are counted. The sensitivity of the 


counter for calcium 47 is of the order of 


8,000 counts per minute per microcurie, 
integral counting above 0.4 mev., for a 
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Fic. 6. Variation of serum specific activity with time 
following intravenous injection of calcium 47 in 
patient with active bone metastases from breast 
carcinoma, 
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source at the focus, and the photofraction 
is approximately 45 per cent. 

Finally, when external counting is done, 
some undesired contribution to the meas- 
urement may result from scattered gamma 
rays. Fortunately, most of the scattered 
radiation is eliminated by integral counting 
with discrimination at 0.4 mev. However, 
the complete elimination of scattered radia- 
tion is an advantage of differential counting 
at the photopeak. Scattered radiation can 
thus be eliminated not only when differen- 
tial counting 1s indicated from the previous 
considerations but also when count rates 
are so high that even with differential 
counting a satisfactory accuracy is ob- 
tained. 


TREATMENT OF DATA 

Complete kinetic data comprising the 
serial determination of specific activity of 
calcium 47 in serum and measurement of its 
excretion in urine and feces were obtained 
in 18 patients. 

Following the intravenous administra- 
tion of a tracer dose of calcium 47, the 
specific activity of this isotope in serum was 
plotted semilogarithmically as a function 
of time (Fig. 6). The rapid fall in specific 
activity which occurs during the first 24 to 
48 hours represents mixing of calcium 47 1n 
a compartment comprising the blood, ex- 
tracellular fluid, and soft tissues, as well as 
a portion of the skeleton which is available 
for rapid exchange with the extracellular 
fluid calcium. This compartment is called 
the exchangeable calcium compartment (/) 
and is expressed in grams of calcium. After 
24 to 48 hours the curve can be approxi- 
mated by a straight line with a slope &. It 
is assumed that this part of the curve essen- 
tially reflects events taking place in the 
exchangeable calcium compartment de- 
scribed above, and that its slope & repre- 
sents the sum of the rates of removal of 
calcium 47 from this compartment by ex- 
cretion and accretion in the constant re- 
modeling and repair of bones. The rate of 
calcium deposition in forming bone is called 
accretion rate (a) and is expressed in grams 
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‘ 
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2 
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per day. It is assumed at any given time 
that the calcium is deposited at the same 
specific activity as that of serum. It is 
assumed that the accreted calcium does not 
return to the exchangeable compartment 
for several days. Based on the above men- 
tioned assumptions, Bauer et a/.*:* devel- 
oped a method of calculation of the size of 
the exchangeable calcium pool (-), and the 
rate of accretion (a). Accounting for 100 
per cent of the administered dose of calcium 
47 and considering the rate of its removal 
(k) from the exchangeable compartment 
(E£), the following two basic equations may 
be written: 


A*+U*+E* 


(1) 100 
(2) kE=a+u 


where: 4*=per cent of administered cal- 
cium 47 accreted at time ¢; U*=per cent of 
administered calcium 47 excreted at time 
t (urine and stools); £* = per cent of admin- 
istered calcium 47 in the exchangeable com- 
partment at time ¢; E=exchangeable cal- 
in grams; @=accretion rate in grams 
per day; w=excretion rate in grams _ per 
day. Based on the above definitions we may 
write: 


af 
(3) 
t 
(4) U*=u S,(Adt 
(5) E*=EXS),(¢) 


where S;,(¢) is the specific activity in serum 

at time ¢. S,(¢) and U* can be measured 

directly and fo'S,(¢)dt can be obtained 

from the serum curve. Substituting equa- 

tions (3), (4), and (5) in (1) and (2) and 
solving for E we obtain: 
100 


( 


and (a) is then easily obtained from equa- 
tion (2). 
In most of the kinetic studies it was 
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found that the curve was linear after the 
second day and in only two instances was 
there a break in the curve with a decrease 
in the slope after 6 days. This change has 
been observed by other investigators® and 
was taken to represent return of radioac- 
tivity from accreted calcium into the ex- 
changeable compartment. In view of these 
observations all of our calculations were 
based on the part of the curve between the 
second and the sixth day. 

External counting was done in every 
study and the results were expressed as a 
ratio of the radioactivity measured over a 
given area to a standard point of the skele- 
ton taken to represent normal bone. This 
point was chosen to be the mid-shaft of the 
tibia because it was not involved by disease 
processes in any of our patients. Wherever 
possible, a comparison also was made with 
a corresponding normal area in the same 
patient. The standard error of these ratios 
was less than 15 per cent. 


RESULTS 


The most significant points of the find- 
ings obtained during this study are given 
below. A more detailed presentation will be 
the subject of a separate paper. An attempt 
was made at correlating the over-all ki- 
netics of calcium in the body and the local 
uptake of calcium 47 with the clinical state 
of tumors involving bone. Table tv is a 
summary of the kinetic data in all the 
hypophysectomized patients with carci- 
noma of the breast who were studied in this 
way. All these patients were maintained on 
full hormonal replacement. Studies during 
which factors other than hypophysectomy 
may have altered the kinetics of calcium 
were excluded. The clinical status has been 
presented in four major categories: the 
“active” bone metastases which showed 
definite evidence of growth or healing over 
a short period of time; the slowly progres- 
sive bone metastases which showed mini- 
mal changes over periods of several months; 
the static or arrested metastases; and the 
complete absence of metastatic lesions in 
bone. Normal values were obtained from 
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TABLE IV 


HYPOPHYSECTOMIZED* PATIENTS WITH BREAST CARCINOMA 


a E 
No. of 
Clinical Data 
Patients 
Mean Range Mean Range Mean Range 

Active bone metastases, 

progressive or healing 5 1.1 0.7 -1.5 8.7 7.9-9-5 4.8 3.7- 7.0 
Slowly progressive bone 

metastases 3 0.42 0:25-0:02 4.4 20-760 10.8 9 [2.6 
“Static” or arrested bone 

metastases I 0.57 5.8 8.4 
No metastases to bone I 0.28 7.0 10.8 
Subjects with no bone dis- 

ease (Bauer et a/.°) 8 0.45 0.36-0.56 §.15 3.9-7.6 


* Including one patient with pituitary stalk section. 

a= accretion rate in gm. /day. 

E=exchangeable calcium in grams. 

Si(4) = specific activity in per cent of dose per gram of calcium 


the data of Bauer ef a/.° and the averages 
were calculated to be 0.45 gm. of calcium 
per day for the accretion rate (a), and 5.15 
gm. of calcium for the exchangeable cal- 
cium (/). Although the number of patients 
given in this table is small, certain observa- 
tions appear to be significant. The accre- 
tion rate was found to be related to the 
degree of clinical activity of the metastatic 
disease, the value ranging from 0.7 to 1.5 
gm. per day for the most active and being 
less than 0.6 gm. per day for the cases with 
less active or static lesions. The value of 
the serum specific activity, 5S;(4), 4 days 
after the tracer of calcium 47 was given, is 
also listed in the table. The more marked 
the clinical activity of the bone lesions, the 
smaller this value was. This appears to be 
mainly the result of the increased rate of 
removal of the isotope from the extracellu- 
lar fluid by the bone, but is, of course, also 
affected by the excretion rate. No correla- 
tion of the clinical state or the accretion 
rate with the value for the exchangeable 
calcium pool was apparent. We may con- 
clude from the above data that metastatic 
lesions in bone may affect the kinetics of 
calcium turnover in the body. 

More precise information about the local 
events concerning the turnover of calcium 
in areas of bone tumor was obtained by 


at 4 days. 


external counting and confirmed by auto- 
radiography of bone samples. In Figure 7 
the result of external counting over an 
osteogenic sarcoma 5 hours after the ad- 
ministration of a tracer dose of calcium 47 
is shown. A definite peak of radioactivity is 
noted over the tumor as compared to ad- 
jacent bone. Figure 8/ is a photograph of 
the exarticulated femur, Figure 8B an auto- 
radiograph and a roentgenogram of a longi- 
tudinal slice of this bone. Marked concen- 
tration of the isotope has occurred in the 
tumor, leaving a free spot in its center. This 
spot is an area in which calcium is not in a 
dynamic state, probably due to necrosis. 


N.B. 2 12 OSTEOGENIC SARCOMA OF FEMUR 


RATIO: RIGHT /LEFT 


Kic. 7. External detection of local deposition of cal- 
cium 47 in patient with osteogenic sarcoma, ex- 
pressed as ratio of activity of corresponding points 
in right and left lower extremities. 
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Fic. 8. (4) Longitudinal cut of right femur with osteogenic sarcoma in the lower end. (B) Autoradiograph 
(left) and roentgenogram (right) of 3 mm. thick longitudinal section of bone shown in 4. 


This is substantiated by a tissue alkaline 
phosphatase value of 21 units per gram and 
an ash weight of 19.8 per cent of wet 
weight. A sample from the peripheral part 
of the tumor—corresponding to the black 
area of the autoradiograph—gave an alka- 
line phosphatase value of 60 units per gram 
and an ash weight of 8.3 per cent. 

High ratios of calcium 47 deposition were 
observed not only in primary bone tumors 
but also in tumors involving bone by me- 
tastasis. In this category, breast carcinoma 
has been studied more extensively than 
other malignancies and in Table v are 


given the ratios of the calcium 47 activity 
measured over areas of the skeleton in- 
volved by metastases from breast carci- 
noma to that measured over the uninvolved 
tibia. In this table are listed all the patients 
who had metastases in a dynamic state, 
either healing or growing, as judged by 
objective criteria.'? The average accretion 
rates for the hypophysectomized patients 
have been given in Table tv, and in the 
cases of patients B.C. and J.B. these values 
were 2.3 gm. and 4.9 gm. per day, respec- 
tively. This group is compared to another 
one without detectable bone abnormalities. 
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Table v shows the results of counting over 
the head and over the second lumbar verte- 
bra, areas which in many of the patients 
were involved by disease, and over which 
the counter could be placed with reason- 
able precision. It is apparent that over most 
of these lesions abnormally high calcium 
47 activity ratios reaching up to § times 
the normal values were detected. Some 
areas of metastases in these patients 
(M.H. and L.J.) did not exhibit this fea- 
ture, either because the biologic state of 
metastatic tumor may vary from one area 
to another, or because the equipment pres- 
ently used is not adequate enough to detect 
small variations in isotope concentration. 
In this table are also given the results of 
external counting in one patient with 
Paget’s disease. Calcium 47 deposition 
ratios over diseased bone in this case 
reached approximately 15 times the normal 
values. 

Confirming the above findings in bone 
metastases from breast carcinoma is the 
correlation between the uptake of radio- 
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active calcium-—as shown by autoradiog- 
raphy—-and external counting which was 
noted in the case of patient R.K. This pa- 
tient received three tracer doses of calcium 
47 at one month intervals and expired ap- 
proximately one and a half months follow- 
ing the last dose. During this whole period, 
the metastatic disease progressed steadily 
culminating in her death. At autopsy, an 
autoradiograph of a section of her lumbar 
spine approximately 3 mm. in thickness was 
prepared. A photograph of the section is 
shown in Figure 94; the dark areas show 
normal spongy bone with red marrow; the 
light areas show metastases. Figure 9B is 
the autoradiograph. The general corre- 
spondence of the uptake of calcium with the 
tumor involved vertebra can be seen. In 
this patient the ratio of counts over the 
diseased vertebra to the counts over the 
uninvolved tibia was more than twice nor- 
mal. 

Further investigation of the local kinet- 
ics of calcium was made possible by serial 
external counting. This yielded information 


TABLE V 


RATIO OF EXTERNALLY MEASURED CALCIUM 47 ACTIVITY OVER SKULL AND IN SECOND 
LUMBAR VERTEBRA TO THAT IN TIBIA 


Patients with Bone Lesions 


Site of Measurement 


Patient Clinical Data Skull Lz» Vertebra 
R.K. Hypophysectomy, breast cancer (progressive metastases) 9 7 
L.H. Pituitary stalk section, breast cancer (progressive metastases) 1S IC 
M.H. Hypophysectomy, breast cancer (healing metastases) 2 8 
Eat. Hypophysectomy, breast cancer (progressive metastases) 2 4 
K.H. | Hypophysectomy, breast cancer (progressive metastases) 3° 9 
B.C, Adrenalectomy, oophorectomy, breast cancer (progressive metastases) 4 15 
J.B. Paget’s disease (progressive lesions) 40 31 

Patients without Bone Lesions Site of Measurement 

Patient Clinical Data Skull Lz Vertebra 
S.J. Hypophysectomy, breast cancer 3 4 
E.D. Normal subject 2 3 
H.D. Breast cancer I 3 
M.W Prostate cancer, orchiectomy 3 3 
K.G Diabetes, hypophysectomy 2 3 


* No lesion 
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Fic. 9. (4) Longitudinal section of lumbar vertebrae obtained at postmortem examination of a patient 
with breast carcinoma metastatic to bone. Dark and light areas represent normal spongy bone with red 
marrow and tumor involved bone, respectively. (B) Autoradiograph of 3 mm. thick bone section shown 


in A. 


on the concentration of calcium 47 in a 
given area of the skeleton as a function of 
time. Two of the most detailed studies were 
on patients L.H., and A.F., both having 
breast carcinoma with actively progressing 
metastases to bones. The midshaft of the 
right tibia, the right patella, and the left 
frontal bone were counted serially following 
the administration of the isotope tracer. All 
these points were free of metastases except 
for a lesion in L.H.’s frontal bone. The 
results, illustrated in Figure 10, indicate a 
rapid high uptake of calcium 47, which 
continued to increase for several days in 
the diseased area up to approximately 10 
times the value obtained in the correspond- 


ing uninvolved bone. Counting over unin- 
volved areas of bone shows that the con- 
centration of radioactivity approaches 
one-third to one-half of its maximum value 
within a few minutes of the injection. 
Owing to its short half-life, it has been 
possible to use calcium 47 in sequential 
studies in a given patient at relatively short 
intervals. The purpose of such repeated 
tests was to determine how variation in the 
over-all kinetics of calctum in the body and 
in its local deposition correlated with the 
course of bone metastases with treatment, 
or with other factors affecting calcium me- 
tabolism. The type of data which may be 


obtained under such conditions is illus- 
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Fic. 10. Comparison of external counting over nor- 
mal and diseased areas of bone following intra- 
venous injection of calcium 47. 


trated in the case of patient L.H. This 
woman with breast carcinoma underwent 
pituitary stalk section and her course fol- 
lowing the operation indicated that a re- 
mission was taking place in the progression 
of her bone metastases. This remission 
lasted for about one year when her meta- 
static disease reactivated. Several calcium 
47 studies were conducted at various inter- 
vals following the pituitary stalk section. 
Figure 11 illustrates the change which oc- 
curred in the time dependence of specific 
activity of calcium 47 in the serum during 
the interval between the first two studies. 
The first was performed one month follow- 
ing operation. At that time the patient was 
hypothyroid as shown by low serum pro- 
tein bound iodine level. She was maintained 
on 37.5 mg. of cortisone daily but received 
no thyroid replacement. The second study 
was done three months after operation after 
the patient had been placed on thyroid re- 
placement for two months. Intravenous 
calcium loading was done during the fourth, 
fifth and sixth days of this study and 
showed a marked positive calcium balance. 
During the first study the accretion rate 
was calculated to be 0.36 gm. per day, a 
normal value, while external counting 
ratios Over areas of metastases were ap- 
proximately 3 times normal. The second 
study revealed an accretion rate of 2.5 gm. 
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of calcium per day, a value § times greater 
than the average normal rate with external 
counting showing no significant changes 
over the previous values for the areas 
counted. Due to technical difficulties only 
two areas were counted. In view of the high 
accretion rate, it is quite possible that other 
areas had an even higher calcium 47 activ- 
ity. It is known that thyroid function af- 
fects the accretion rate in normal bones,'” 
its value being low in myxedema and high 
in hyperthyroidism. Studies in this patient 
suggest that thyroid function may be an 
important factor for the optimal healing of 
bone metastases. However, no definite con- 
clusion in this respect can be drawn from 
this study since other factors which may 
have influenced the kinetics of calcium are 
the intravenous calcium load, or also the 
rate of repair of these lesions which may 
increase with time. This latter effect would 
increase the concentration of calcium 47 in 
the diseased areas of bone and the accretion 
rate. 
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Fic. 11. Variation of specific activities in serum fol- 
lowing intravenous injection of calcium 47 in dif- 
ferent clinical states of a patient with bone metas- 
tases. 
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The third test with the patient hypothy- 
roid and the fourth when she was again 
euthyroid were conducted approximately 
one year following pituitary stalk section 
when her metastatic disease had _ re-ex- 
acerbated. During the third tracer study 
the accretion rate was calculated to be 1.0 
gm. per day, and during the fourth to be 
1.5 gm. per day. External counting ratios 
(Table v) reaching 5 times normal over 
areas of metastases were noted in both 
these studies. 

Another patient (M.H.), a forty-nine 
year old woman with breast carcinoma 
metastatic to bones, was studied prior to 
hypophysectomy at a time when her bone 
lesions were progressive. She was again 
studied two and a half months after hypo- 
physectomy. At that time she was con- 


sidered to be in remission on the basis of 


regression of measurable lesions and was 
maintained on 37.5 mg. of cortisone daily 
but received no thyroid replacement. Her 
protein bound iodine determined twice dur- 


ing this period was 3.9 and 4.4 ug. per cent. 


The first test revealed an accretion rate of 


1.4 gm. per 24 hours and an exchangeable 
calcium pool value of 5 , while during 
the second study the accretion rate was 
calculated to be 1.5 gm. per 24 hours and 
the exchangeable c: alcium pool 8.8 gm. 

The sequential observations described 
above appear to indicate that a high accre- 
tion rate occurs during the healing as well 
as during the progressive phase of metas- 
tases. The significance of variations in the 
size of the exchangeable calcium pool is not 
clear, and will have to be investigated fur- 
ther. The effect of hormonal and metabolic 
changes is not definite from these data and 
more serial studies will have to be made. 

Other types of bone lesions have been 
investigated in patients with metastases 
from carcinoma of the prostate, of the thy- 
roid, of the bronchus, and in patients with 
multiple myeloma, with primary bone tu- 
mors, and with idiopathic osteoporosis. 
Since most of these were isolated cases, it 
was not possible to draw any general con- 
clusions regarding each category of disease 


38 gm. 
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involving bone. It was again found that 
metastases to bone as well as primary bone 
tumor may concentrate calcium 47 selec- 
tively as compared to normal bone. More 
information will have to be obtained before 
any statements about patterns of calcium 
47 kinetics and local deposition in various 
diseases affecting bone may be made. 
Improvement in the detector used for 
external counting will also permit more 
accurate estimates of the uptake and turn- 
over rate of this isotope in the skeleton. 


IMPROVED EXTERNAL DETECTION 

As indicated above in “Materials and 
Methods,” the uptake and scanning ap- 
paratus was designed for the much lower 
energy gamma rays of iodine 131, and, 
although some shielding was added, both 
the crystal and shielding were not adequate 
for the maximum utilization of the calcium 
47 gamma rays. 

The data plotted in Figure 12 illustrate 
the inadequacy of the shielding on conven- 
tional iodine 131 scanners for the external 
localization of isotopes which emit high 
energy gamma rays. In the case where a 
focusing collimator is not used, the spatial 
resolution is even less satisfactory. The fact 
that calcium 47 is localized in specific areas 
to a much lesser degree than is iodine 131 in 
the thyroid adds to the relative difficulty i in 
its accurate external measurement. 

In order to utilize fully the advantages of 
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Fic. 13. Whole body scanner for high energy 
gamma emitters. 


the high energy gamma rays of calcium 47, 
zinc 65 and other energetic gamma-ray 
emitters in studies of their metabolism, a 
new scanning system! has been designed 
and constructed. The region scanned is 6 
feet by 2.5 feet in a horizontal plane, and a 
more limited vertical plane can also be 
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Fic. 14. Design of detector head of high energy 
scanner. Collimator, inner tungsten shield, outer 
lead shield, and crystal location are shown. 
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scanned. Two scanning heads were de- 
signed: one to move above the patient on 
an elevated track, and the other to move 
below the patient on a floor-mounted track. 
The scanner has been placed in operation 
with only the upper unit completed. A thin 
lucite platform supports the patient and is 
easily removed when a bed or stretcher is 
preferred. The scanning head moves with 
either continuous or step-wise motion. The 
speed can be adjusted from 0.1 cm./sec. to 
10 cm./sec. in orthogonal directions in the 
horizontal plane. The vertical position of 
the head is also controlled by motors, and 
it can also be rotated through a complete 
hemisphere. A photograph of the scanner 
after construction in our shop is shown in 
Kigure 13. 

A 4 inch inch crystal is mounted in 
the head with a 5} inch diameter photo- 
multiplier tube. The crystal and tube are 
surrounded with a combination lead and 
tungsten shield 12 inches in diameter. A 
focusing collimator of tungsten (density = 
17.6) with 19 holes with a focal length of 
7.7 cm. beyond its face is employed. The 
weight of the collimator and shield assem- 
bly is 600 pounds. A cross section drawing 
of the detector head assembly is shown in 
Figure 14. A linear amplifier, single channel 
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are used to accumulate the pulse counts 
before printing. 

The data are displayed with a unique 
system which permanently records all of 
the information received by the crystal. 
The distance between counting positions 
may be adjusted from 3/16 inch to 3 inches 
and the time interval may be adjusted from 
1 second up to 60 seconds. A specially built 
electrical output-writing typewriter prints 
the counts accumulated at each position at 
a corresponding point on a roll of paper 2 
feet wide. A 3 digit print-out is employed 
with the use of two-colored ribbon with 
shift to accommodate large numbers. 
Identifying marks are also printed as de- 
sired to identify any particular count. The 
synchronization between the scanner head 
and print-out position is accomplished by 
having the motion of the typewriter car- 
riage driven by synchromotors which are 
controlled by the motion of the scanner. 

The spatial resolution attained with the 
new scanner is illustrated in Figures 15, 16, 
17, 18, 19, and 20. The data in Figure 
15 were obtained with a point cobalt 60 
source located on the axis of the crystal and 
collimator at the indicated distances from 
the end of the collimator. These data were 
taken with differential counting of the 1.33 
mev. gamma ray, and also with integral 
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lic. 17. Resolution of tungsten focusing collimator 
for calcium 47. Width at half height is 1.1 cm. 


counting above 400 kev. The effect of poly- 
styrene scattering medium is also illus- 
trated. 
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Fic. 19. Isocount curve of tungsten focusing col- 
limator for calcium 47—point source in air. 


The data in Figure 16 illustrate the reso- 
lution in the focal plane normal to the axis 
of the crystal and the 1g hole tungsten 
collimator. Point sources of iodine 131 and 
cobalt 60 were employed with differential 
counting on their photopeaks. The widths 
at half-height are 0.9 cm. and 1.3 cm., re- 
spectively. Figure 17 contains the data 
obtained similarly with a point source of 
calcium 47. These data demonstrate a con- 
siderable improvement over the resolution 
shown in Figure 12. It should also be noted 
from Figure 16 that whether the gamma 
rays are energetic or not has little influence 
on the resolution in contrast to the results 
shown in Figure 12 obtained with a con- 
ventional scanner. 

Figures 18, 19, and 20 show the isocount 
curves of the collimator for point sources of 
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iodine 131 in air, and of calcium 47 in air 
and in polystyrene. The effect of a higher 
energy source on the isocount curves is 
most noticeable in the broadening of the 5 
per cent contours. The widths of these for 
iodine 131 and calcium 47 in the focal plane 
in polystyrene are 2.0 cm. and 3.1 cm., 
respectively, whereas the corresponding 
widths of the 50 per cent contours are 0.95 
and 1.15 cm. It will be noted from a com- 
parison of the isocount curves in air and 
polystyrene (Fig. 1g and 20) that the posi- 
tion of the 100 per cent point is shifted 
about 5 mm. nearer to the collimator face 
when the source is in polystyrene but that 
the width of the 50 per cent contour in the 
focal plane is not significantly changed 
whether the source is in air or in polysty- 
rene. 

The high energy scanner will be em- 
ployed in further studies of the metabo 
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Fic. 20. Isocount curve of tungsten focusing col- 
limator for calcium 47—point source in polysty- 
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lism of calcium 47, and of other isotopes 
which emit high energy gamma rays. 
DISCUSSION 

Calcium 47, a newly available radioac- 
tive isotope of calcium appears to be an 
ideal tracer for studies both for determina- 
tion of the over-all kinetics of calcium in 
the body and through external counting of 
the sites of its local deposition in the skele- 
ton. 

Such tracer studies have shown that tu- 
mor involving bone may affect the over-all 
kinetics of calcium in the body. This may 
be the result of selective rapid uptake of 
calctum by the bone in and around the tu- 
mor involved area. It may also result from 
a systemic effect of the tumor affecting the 
whole skeleton similar to that described in 
rats following fractures.° 

While the accretion rate seems to bear a 
relation to the dynamic state of the bone 
lesions, no such relationship was observed 
for the exchangeable calcium pool. 

The external counting data were ex- 
pressed in terms of ratio of activity over a 
given area to the shaft of the uninvolved 
tibia in the same subject, since this proved 
to be a good way of expressing selective up- 
take of the isotope by a lesion as compared 
to healthy bone. With the counter used in 
this study, a relatively large and variable 
amount of normal bone was_ probably 
counted together with the tumor site. 
Therefore, there is a possibility that the 
tumor ratios would have been much larger 
in many cases had better collimation been 
used. The newer equipment which has been 
described will render possible more precise 
scanning of lesions and uptake measure- 
ments. 

High external count ratios were found 
over tumor involved areas of bone, reflect- 
ing the relative local turnover rate of cal- 
cium rather than the actual amount of this 
element in such areas, since high values 
were found in both osteolytic and osteo- 
blastic lesions in various tumors. Auto- 
radiographs of bone samples have con- 
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firmed the findings by external counting. 

It is also of interest to note that high 
external count ratios may occur in the 
presence of a normal accretion rate as in the 
case of patient L.H. This is not inconceiv- 
able if it is kept in mind that high ratios of 
calcium 47 deposition do not necessarily 
represent large amounts of the isotope, but 
represent a high uptake rate relative to 
that in another bone of the body. 

Sequential studies have been made more 
feasible with this isotope and will be of use 
in following the course of a given lesion as 
well as in planning and evaluating therapy. 
It is possible that lesions not detectable by 
roentgenography will be detectable by ex- 
ternal counting after the administration of 
a tracer dose of calcium 47, using the re- 
cently developed equipment. 

The information obtained through ex- 
ternal counting may have another applica- 
tion in bone tumors. It may serve as a foun- 
dation upon which the potential of treat- 
ment of cancer disseminated in bone, using 
bone-seeking isotopes, may be evaluated. 
The ratio of the calcium 47 deposition in 
tumor areas relative to normal bone and 
the proportion of the skeleton which is 
involved by the malignant process are data 
upon which the therapeutic dose of a bone- 
seeking isotope may be calculated. Until 
now, iodine 131 and phosphorus 32 have 
been the primary isotopes used in the treat- 
ment of disseminated metastases in bone." 
Phosphorus 32 has been shown to be de- 
posited in high concentration in primary 
bone tumors which are laying down min- 
eral.” It is also taken up by the blood form- 
ing cells of the bone marrow, and the result- 
ing marrow depression severely limits the 
dose of P® which may be administered 
safelv. Certain types of thyroid cancer re- 
tain the capacity of the normal thyroid to 
concentrate iodine, and metastases in bone 
from tumors of this type have been treated 
with [!*! with good results. Isolated reports 
of treatment of bone metastases with stron- 
tium 89”? and calcium 45! have been based 
on single cases and the value of such treat- 
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ment is not established. Moreover, the 
choice of the therapeutic dose was arbi- 
trary. The use of calcium 47 tracer studies 
will afford a better basis upon which this 
dose can be calculated. On the basis of such 
calculations it appears that, of the available 
calcium and strontium isotopes, strontium 
89 would be the more suitable for thera- 
peutic purposes. Such treatment has not 
yet been attempted by us. 


SUMMARY 

Physical aspects of a newly available 
radioactive isotope, calcium 47, have been 
presented together with details and prob- 
lems of its production and assay. Its ener- 
getic gamma-ray spectrum and short half- 
life make it very useful for calcium meta- 
bolic studies. Dosimetric considerations with 
regard to tracer dose magnitude, as well as 
in the therapeutic use of bone-seeking iso- 
topes have been discussed. Statistical 
criteria which indicate the preferred energy 
discrimination conditions of counting have 
been developed. 

Kinetic and external counting studies 
using tracer doses of calcium 47 were con- 
ducted in patients with a variety of bone 
lesions. 

The time dependence of the calcium up- 
take in normal and tumor involved bone in 
2 patients has been illustrated. It was found 
convenient to express external counting 
results as ratios of calcium 47 uptake in a 
given area to the uptake in the mid-shaft of 
the tibia. Various levels of relative calcium 
47 deposition were found over bone lesions 
and were compared to corresponding areas 
in patients without detectable bone disease. 

A correlation was demonstrated between 
external counting results and autoradio- 
graphs in one patient with a primary bone 
tumor (osteogenic sarcoma) as well as in 
one patient with a tumor metastatic in 
bone (from breast carcinoma). 

The accretion rate and size of the ex 
changeable calcium pool have been listed 
for 10 hypophysectomized patients with 
breast carcinoma. The accretion rate was 
found to be elevated in patients whose bone 
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metastases were clinically active. 

A whole body scanner has been designed 
in order to improve and extend the clinical 
uses of calcium 47. The clinical applications 
of calcium 47 studies have been discussed. 


K. R. Corey, M.S. 
Division of Biophysics 
Sloan-Kettering Institute 
Memorial Center 

New York 21, New York 


The authors wish to thank Dr. Kenneth 
Francis and Dr. Willet Whitmore of Memorial 
Center and Dr. Felix Bronner of the Hospital of 
Special Surgery for their permission to apply 
this method of study to a number of their pa- 
tients. Helpful discussion of this work with Dr. 
Helen Q. Woodard, who provided the biochemi- 
cal data on the osteogenic sarcoma shown in 
Figure 8, 4 and B, is most gratefully acknowl- 
edged. The authors are also grateful to Miss 
Eva Simmel for the autoradiographs, and to 
Mr. Mario Merlino for technical assistance. 


REFERENCES 


1. ANDERSON, J., Emery, E. W., McA ister, 
J. M., and OsBorn, S. B. The metabolism of 
therapeutic dose of 45 Ca in a case of multiple 
myeloma. Clin. Sc., 1956, 75, 567-585. 

Aren, A. H. W., Jr., Grevewt, E., and van 
Dijk, W. J. Decay of calcium 47. Physica, 
1953, 79, 1049-10$0. 

3. Bauer, G. C. H., Carisson, A., and Linp- 
quist, B. Evaluation of accretion, resorption 
and exchange reactions in the skeleton. Kung. 
Fysiogr. Sallskap. Lund Forhandl., 1955, 25, 
I-16. 

4. Bauer, G. C. H., and Ray, R. D. Kinetics of 
strontium metabolism in man. 7. Bone & ‘foint 
Surg., 1958, go-A, 171-186. 

Bauer, G. C. H., Carusson, A., and Linpauist, 
B. Bone salt metabolism in humans studied by 
means of radiocalcium. Acta med. scandinav., 
1957, 758, 143-150. 

6. Cork, J. M., LEBuanc, J. M., Brice, M. K., 
and Nester, W. H. Radioactive decay of cal- 
cium 47. Phys. Rev., 1953, 92, 367-369. 

7. Fiske, C. H., and Locan, M. A. Determination 
of calcium by alkalimetric titration. ‘7. Biol. 
Chem., 1931, 93, 211-226. 

8. Heaney, R. P., and WHEapon, G. D. Radiocal- 
cium studies of bone formation rate in human 
metabolic bone disease. ¥. Clin. Endocrinol. & 
Metab., 1958, 78, 1246-1267. 

g. Koenic, H., and Hetier, J. H. Dynamics of 
bone healing and its effect on skeletal system 


wa 


VoL. 85, No. § 


in vivo using strontium® and calcium“. Surg., 
Obst. 8 Gynec., 1959, 109, 351-354. 

S. M., Browne ti, G. L., Sransury, 
J. B., and Corrican, H. Effect of thyroid 
disease on calcium metabolism in man. 7. 
Clin. Invest., 1956, 35, 874-887. 

LAUGHLIN, J. S., Beatriz, J. W., Corey, K., 
Isaacson, A., and Kenny, P. Total body 
scanner for high energy gamma rays. Radiol- 
ogy, 1960, 74, 108. 

Liporsky, L. J., and Fischer, V. K. Isobaric 
level structure for A=47. Phys. Rev., 1956, 
104, 759-793. 

LoevINGER, R., and Berman, M. Efficiency cri- 
teria in radioactive counting. Nucleonics, 1951, 
g, No. 1, 26-39. 

Lyon, W. S., and Kaun, B. Decay of scandium 
47. Phys. Rev., 1955, 99, 728-730. 

Marquez, L. Disintegration of calcium 47, 
scandium 47, vanadium 48, and rhodium 1oo. 
Phys. Rev., 1953, 92, 1511-1516. 

Maxrie.p, J. R., Jr., J. G., and 
Maxrie.tp, W. S. Use of radioactive phos- 
phorus and testosterone in metastatic bone 
lesions from breast and prostate. South. M. 7., 
1958, 57, 320-327. 

National Bureau of Standards Handbook 6g, 


te 
we 


Ca*’ in Diagnostic Studies 975 


U. S. Government Printing Office, Washing- 
ton 25, D. C., 1959, pp. 27-28. 


18. OurreripGe, K. D. Statistics of adjustment and 


comparison of counters. A.E.R.E. Unclassi- 
fied Memorandum I/M 32, London, H. M. 
Stationery Office, 1954. 


19. Pearson, O. H., and Ray, B.S. Results of hypo- 


physectomy in treatment of metastatic mam- 
mary carcinoma. Cancer, 1959, 72, 85-92. 

Pecuer, C. Biological investigations with radio- 
active calcium and strontium; preliminary re- 
port on use of radioactive strontium in treat- 
ment of metastatic bone cancer. Univ. Cali- 
fornia Publ. Pharmacol., 1942, 2, 117-149. 

STROMINGER, D., HoLtanper, J. M., and Sea- 
BporG, G. T. Table of isotopes. Rev. Mod. 
Phys., 1958, 30, 620. 

Way, K., Kine, R. W., McGinnis, L. L., and 
Van LigesHout, R. Nuclear level schemes. 
National Academy of Sciences, National Re- 
search Council, Washington, D. C., 1955, p. 
214. 

Wooparp, H. Q., and Kenney, J. M. Relation 
of phosphatase activity in bone tumors to 
deposition of radioactive phosphorus. Am. J. 
RoENTGENOL. & Rap. THERAPY, 1942, 47, 


237-2445. 


1 10, 
20. 
Fo. 
| 
21. 
14. 
15. 
16, 
) 
17. 
YAR 


May, 1961 


NEUTRON ACTIVATION ANALYSIS* 


By RICHARD E. OGBORN, M.D., ARTHUR L. DUNN, Px.D., ALAN J. BLOTCKY, 
GORDON F. JOHNSON, M.D., and LAWRENCE R. JAMES, M.D. 


OMAHA, NEBRASKA 


REVIOUS to the utilization of nuclear 
energy for the destruction of mankind, 
many scientists had explored the benefi- 
cent use of this force. The information 
laboriously gathered by people such as 
Roéntgen, Curie, de Hevesy, Bohr, Law- 
rence and mav others was systematized 
into a new science—atomic physics—-with 
application to all of the physical sciences. 
The medical sciences have been stimu- 
lated by this new science. The principal 
utilization so far has been through the use 
of radioisotopes. Much of the earlier clini- 
cal work was performed with the aid of 
isotopes with short half-lives, produced by 
a particle accelerator. Later, clinicians 
preferred to use those with a medium half- 
life which could be ordered from distant 
places, assayed and purified by pharma- 
ceutical houses, and shipped without hav- 
ing the product decay beyond usefulness. 
In general, the shorter the half-life, the 
less total integrated dose will be delivered. 
The dose of radiation as with therapeutic 
or diagnostic drugs, should be held to a 
requisite minimum. Thus, the use of short 
half-life isotopes is recommended and is 
feasible in the vicinity of a nuclear reactor. 
Radioisotopes are employed to trace 
inorganic and organic metabolites iv vivo, 
to find deposition of elements in tissue, to 
study flow-rate dynamics in vivo and in 
vitro, to perform dilution studies, and to 
therapeutically destroy pathologic tissue. 
Nuclear energy can be applied to medi- 
cal sciences in other ways, e.g., neutron 
activation analysis. A brief statement 
about the equipment necessary to accom- 
plish this type of analysis seems impor- 
tant. 
Many sources, such as radium-beryl- 


lium and plutonium-beryllium, have 
been used to produce a neutron flux. 
These, in general, have not produced a 
sufficient flux to activate many elements. 
Cyclotrons are employed to advantage in 
this capacity. Nuclear reactors have been 
utilized in the past, but have presented 
three problems—safety, expense, and 
operational difficulties—which have cur- 
tailed their value in medical research. The 
types used for activation analysis of bio- 
logic tissue have been designed for other 
purposes, and most of them, because of 
the heat created, require an ashed spect- 
men for irradiation. Recently, these diffi- 
culties have been overcome. Following is 
a summary of the requirements of a re- 
actor, useful in neutron activation analy- 
sis. 

The characteristics of a nuclear 
actor must include operational safety and 
protection from the radiation of its by- 
products. To be operationally safe, it must 
be as accident proof as possible—an acci- 
dent is any event which could endanger the 
reactor, institution, or personnel. If an 
unlikely accident occurs, it must be readily 
detectable, easily confined, and readily 
correctable. Sufficient shielding is a neces- 
sary safety factor to protect personnel 
against neutron, gamma and beta radia- 
tions emitted from the core of the reactor. 
The moderator of the reactor must be of 
such composition that, if contaminated by 
the fuel, it will not present difficulties in 
decontamination or removal. The moder- 
ator must be incapable of contaminating 
the surrounding areas, 7.e., subsoil, etc. 
The fuel elements, in case of leaks or 
breaks in their cladding, should be acces- 
sible for easy removal and change. The 
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fuel should be so fabricated that a “run- 
away” would be impossible. The reactor 
must be so constructed that, if all of the 
available excess reactivity is suddenly 
introduced, however inadvertently, the 
reactor must shut itself down with no 
resultant damage to the reactor or to the 
surroundings. This shutdown must be 
brought about through the action of in- 
herent physical phenomena within the 
reactor core, rather than through the ac- 
tion of some superimposed electronic or 
mechanical means. The reactor should be 
so safe that it may be placed within the 
confines of an existing building and not be 
hazardous to occupants or personnel en- 
gaged in its operation. 

The reactor, to be practical for medical 
research, must provide a flux of thermal 
neutrons in the range of 10!° to 10! n/cm.?/ 
sec. It must be so arranged that a number 
of biologic specimens may be placed with- 
in the area of optimal neutron flux. It 
should be designed so as to allow use of its 
flux for isotope production. The intensity 
of neutrons should be of such magnitude 
that poisoning by target materials will 
not present a problem. All specimens and 
other target materials should be acces- 
sible. A major criterion is that the ambient 
heat derived from nuclear fission should 
be controlled by refrigeration, or other 
measures, to inhibit thermal degradation 
of biologic specimens. 

The nuclear reactor must be designed 
for safe, easy maintenance and should 
allow for the possibility of increasing 
power by simple addition of fuel elements. 
Qualified personnel required to operate 
the reactor should be of a minimum con- 
sistent with over-all safety and efficiency. 
Specialized training of 2 or 3 professional 
persons should be available at minimum 
expense. Further training of reactor per- 
sonnel, then, could be fulfilled by a local 
training program. 

Maintenance cost of a reactor should be 
small. Theoretically, the fuel elements 
need not be replaced for ten to twenty 
years, and their life should be dependent 
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Fic. 1. Cross section of TRIGA reactor. 


upon corrosion of their containers, not 
upon the loss of energy. When the useful- 
ness of the reactor is considered, the over- 
all cost of such an instrument should be 
moderate. A prototype of this reactor 
should be adequately tested prior to use 
to ensure its compliance with the afore- 
mentioned specifications. These require- 
ments are met by our TRIGA* reactor 
Mark I (Fig. 1, 2 and 3). 

The addition of this powerful tool in the 
measurement of elements within various 
tissues of a biologic system is, we feel, 
essential to our ultimate understanding of 
the role of metals and metal complexes 
within the human organism. Following a 
brief description of neutron activation 


* Training, Research, Isotope, General Atomic—developed by 
General Atomic Division, General Dynamic Corp., San Diego, 
California. 
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analysis are more detailed examples of the 
use of this technique. 

Neutron activation analysis is a qualt- 
tative and quantitative method of meas- 
urement in which elements, bombarded 
by a known flux of neutrons, become ra- 
dioactive and their radiation spectra char- 
acterized and measured. The quantity of 
radioactive element produced is depend- 
ent upon the concentration of the original 
element present and upon the length of 
time it is bombarded by neutrons. The 
isotope produced has radiations with char- 
acteristic energies and half-life. By select- 
ing the appropriate length of time for 
bombardment and by analysis of the 
radiation energy, one can quantitate with 
extreme accuracy the original amount of 
the element present (Fig. 4). 


TECHNIQUES AND METHODS 


The element, compound, or biologic 
tissue to be analyzed is placed into a 
thoroughly washed polyethylene sample 
tube (Fig. 5). This is lowered into the 
reactor (Fig. 6) and the position in the 
core is recorded (Fig. 7). After; .Appropriate 
bombardment time, the sample i is removed 
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Fic. 4. Schematic presentation of neutron activation. 


(Fig. 8), and then either sent to the 
radiochemical laboratory or placed into a 
suitable counter attached to a multichan- 
nel analyzer. 

In our laboratory the basic chemical 
separation techniques are gravimetric, ion 
phoretic, titrametric, and column chro- 
matographic. 

The radiometric examination com- 
monly used is to distinguish major gamma 
photopeaks on the multichannel analy- 
zer.* The energy curves can be visually 
seen on the oscilloscope (Fig. 9) and 
printed on tape or a graph. The complex 
energy curves of a mixture of isotopes can 
be laboriously stripped one from another 
by comparison with known standards. 
From these data, qualitative and quan- 
titative values may be ascertained of the 
elements within the sample. Quantitation 


* We are indebted to RIDL for use of a too-channel analyzer 
in this program. 
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Fic. 6. Lowering sample into reactor. 


of mixtures of more than three radioactive 
elements in a given target is difficult. 
Separation of radioactive elements into 
groups can be accomplished by changing 
irradiation and decay times before analy- 
sis. If one is interested in analysis for 
short-lived sodium, the material is irradi 
ated within the reactor for ten to thirty 
minutes and immediately analyzed. If one 
is concerned with long half-life isotopes 
only, the material is irradiated in the re- 
actor for a long period, removed, and the 
short and medium half-life isotopes are 
allowed to decay before radiometric anal- 
ysis is done. 


COMPARISON OF TECHNIQUES 

Neutron activation analysis is well 
suited to elemental microanalysis in the 
biologic sciences. It possesses several ad- 
vantages over other methods: (1) elimi- 
nates the necessity of introducing radia- 
tion into the subject, (2) requires virtually 
no preparation of samples, (3) makes pos- 
sible analysis of minute samples of almost 
any shape, liquid, or solid, (4) is nonde- 
structive in a chemical sense, and (5) does 
not require “‘blank”’ controls. 
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This technique in medicine has been 
restricted due to the limited accessibility 
of a neutron source and by the degrada- 
tion of biologic specimens caused by the 
extreme heat generated in the majority of 
current types of reactors. These limita- 
tions and certain other restrictions, for- 
merly imposed upon activation analysis, 
are now eliminated. Such restrictions as 
self-absorption of high cross section for 
neutron capture target material or self- 
absorption of the radiation within the 
target materials, when being analyzed, 
may be overcome by adjustment of the 
sample geometry to present a lesser phys- 
ical cross section in the direction of acti- 
vation source of the detector. Also, with 
the employment of radiochemical separa- 
tory techniques, activation analysis can 
be performed now on practically the en- 
tire chart of the nuclides. 

These chemical procedures have, in a 
way, placed a limitation upon this tech- 
nique. With the advent of electronic im 
provement in the design of detectors and 
the multichannel analyzers, many radio- 
metric analyses can be performed on mix- 
tures of elements within samples. Radio- 
chemical separation of the isotopes is a 
sound technique but it does suffer several 
disadvantages. It is time consuming, 
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fraught with possible technical errors, has 
incomplete yield, and usually destroys the 
sample through chemical manipulation. 
Chemical separation of elements with 
very short half-lives is often impossible. 
Radiometric analysis has overcome this 
limitation with such devices as conven- 
tional gamma scintillation spectrometry, 
anticoincidence gamma spectrometry, dif- 
ferential absorption data measurements, 
irradiation and decay time difterential, and 
thin-window beta counting by scintilla- 
tion methods which discriminate against 
gamma radiation to a degree. Another tech- 
nique is the absorption of gamma radiation 
with sufficient thicknesses of lead between 
the sample and the detector, and then de- 
flection of the beta radiation around the 
lead shield by magnetic fields. 

Borg* has pointed out a new and novel 
way of increasing the sensitivity of count- 
ing radiation of one radioactive isotope in a 
complex mixture of elements. This new 
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. 1o0-channel analyzer. 


method is to selectively irradiate the sam- 
ple containing the element of interest with 
resonant, monoenergetic neutrons which 
possess energy that is in resonance for a 
high neutron capture of the element under 
consideration. He points out that radio- 
activation by a flux rich in 300 ev. neutrons 
would thereby favor manganese reactions 
over those of sodium. He carefully shields 
his samples with a boron carbide shield sur- 
rounded by cadmium which enhanced the 
activation of manganese in tissue by mono- 
energetic neutrons. 

A new form of radiometric analysis for 
biologic tissue will be presented following 
some of the present and proposed uses of 
neutron activation in the medical sciences. 
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We feel that this type of analysis will obvi- 
ate many of the previous limitations to this 
method and overcome the bottleneck of 
analyzing a large number of samples from a 
nuclear reactor. 

Work that has been accomplished by 
neutron activation analysis demonstrates 
that this method gives as good, if not 
better, accuracy and reproducibility as 
other commonly used techniques. With cer- 
tain elements, this is the only applicable 
technique. 


CLINICAL CONSIDERATIONS OF NEUTRON 
ACTIVATION ANALYSIS 

The early and continued work of Tipton 
et al.,6 in determining the concentration 
and distribution of stable elements within 
the normal human body, has led scientists 
to re-evaluate the role of trace elements in 
normal and diseased states. 

Berryman? and Schroeder! have sum- 
marized the possible metabolic activities of 
trace metals and their relationship to dis- 
ease states. Such metals as manganese, co- 
balt, copper, and zinc have definite roles in 
maintenance of health. Their entire meta- 
bolic pathways have not been thoroughly 
elucidated as yet, principally because finite 
methods of measurement have been lack- 
ing. Other metals such as molybdenum, 
rubidium, strontium, barium, vanadium, 
chromium, nickel, and aluminum might 
well have normal functions in metalloenzy- 
matic reactions. 

Leddicotte e¢ a/.’ report on the quantita- 
tive determination of trace elements in ani- 
mal tissues. This excellent summary dis- 
closes that cerium 75, tellurium 131, copper 
64, sodium 24, arsenic 76, manganese 56, 
potassium 42, rubidium 86, and cesium 134 
were positively identified in animal tissue; 
silver 110 and bromine 82 were probably 
present. 

Chronic diseases may possibly be linked 
to imbalance of trace metals. As Perry and 
Camel® point out, human plasma choles- 
terol levels fall during several days of di- 
sodium calcium ethylenediaminetetraace- 
tate treatment, and this is associated with 
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a noticeable excretion of zinc and a lesser 
amount of cadmium, lead, and manganese. 
The relationship of cholesterol levels to 
atherosclerosis is known, but the role of 
trace elements in hypercholesteremia is 
unknown, though fascinating. 

One might argue that it would be impos- 
sible for trace minerals to play such an 
important function in many disease states. 
However, as reported by many clinicians 
and scientists in the past ten years, trace 
metals have the potentiality of causing or 
contributing to disease in several capacities. 
In the laboratory, the injection of magne- 
sium results in a drop of serum calcium to 
tetany levels; ingestion of magnesium salts 
increases urinary calcium excretion but its 
actual role is not known. The balance be- 
tween the elemental constituents, especially 
in those of major quantities within the 
blood, must be maintained between small 
variations if the patient is not to suffer 
clinical symptoms. 

Spencer and his group" have also applied 
neutron activation analysis to the estima- 
tion of cations and anions in biologic speci- 
mens. They have studied sodium, potas- 
sium, calcium, copper, zinc, magnesium, 
cobalt, manganese, chlorine, bromine, io- 
dine, and phosphorus. A résumé of their 
work reveals that neutron activation analy- 
sis can be adapted to the estimation of 
these cations and anions, and is of practical 
import. Reiffel and Stone'® have measured 
the sodium, potassium and phosphorus in 
small amounts of muscle. These authors 
and others have used this technique in 
determining the change of these elements 
between normal and pathologic conditions. 

Butt e¢ a/.4 report trace metal patterns 
in disease states, principally in hemochro- 
matosis, Bantu siderosis, Laennec’s cirrho- 
sis, and alcoholism. They revealed increased 
lead accumulation in the liver in response 
to excessive iron storage. They describe 
correlation between trace element levels in 
alcoholics, cirrhotics, and hemochromatot- 
ics, particularly the low zinc level in these 
cases. 

Banks and his group! have devised a 
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method for determination by radioactiva- 
tion analysis of zinc in small amounts of 
blood and tissues. Excellent results were ob- 
tained, with recovery studies being in the 
100 per cent range. Zinc, although a trace 
element within the human system, has re- 
cently come to the fore in the study of such 
diseases as coronary occlusion and cirrhosis 
of the liver. Wacker ef a/.!’ reported that 
the level of the circulating zinc within the 
plasma of the body dropped to below 50 
per cent within the first few hours following 
coronary occlusion. This drop is statisti- 
cally significant and occurs very early in the 
course of the disease. If the more accurate 
neutron activation analysis method could 
be applied to quantitizing the level of zinc 
in the plasma following coronary occlusion, 
it would aid physicians. 

In cirrhosis of the liver in human pa- 
tients, the zinc level in blood is decreased 
to 75 per cent of normal. As the patient 
undergoes treatment and progresses toward 
normalcy, the zinc level rises and serves as 
a prognostic sign. If the patient is on a 
downward course and the treatment is in- 
effectual, the zinc level remains at its sub- 
normal position or decreases. 

The field of chelation, as a possible thera- 
peutic aid in medicine, demands research 
on materials such as ethylenediaminetetra- 
acetic acid and other chelating elements or 
compounds. Copper is able to reduce the 
biologic activity of ascorbic acid. Zirconium 
is used as an application in Rhus dermatitis 
and is considered to have a chelating effect. 
The thought of competitive chelation oc- 
curring in the many steps of normal metab- 
olism is, thereby, enhanced. One element 
chelated by a compound normally occur- 
ring in these metabolic cycles could cause 
severe derangement. Here is a virtually 
unexplored field where neutron activation 
analysis, plus microautoradiography and 
such respiratory quotient instruments as 
the Warburg apparatus, could work in con- 
junction in dispelling some of our ignor- 
ance. 

With our increased knowledge of chela- 
tion of metals, deficiencies of certain trace 
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elements may prove to be a causative path- 
ologic agent. Chronic disease states may be 
caused by chelation of an abnormal metal 
over a lifetime. Thus, a shortage of a trace 
element or an overabundance of one ele- 
ment may upset the chemistry of an enzy- 
matic system, e¢.g., beryllium (Bet+) dis- 
places magnesium (Mgt*) in certain mag- 
nesium-dependent enzymes resulting in 
deactivation of this enzyme. Schroeder" 
pointed out that arsenic displaced phos- 
phorus in certain systems which accounts 
for the toxicity of lewisite. 

Krom indirect evidence Schroeder" and 
others reported data relating antihyperten- 
sive agents to metal binding agents and 
that human hypertensive urine contains 
increased amounts of many elements. 

Gubner® reports the dramatic therapeu- 
tic role of calcium in patients with pulmo- 
nary edemaand demonstratesadmirably the 
thesis that “Angina pectoris is not due to 
anoxia per se, but to acute myocardial po- 
tassium efHux produced by anoxia.” By 
infusion of potassium chloride before excer- 
cise, anginal pain was minimized or pre- 
vented. 

Surawicz et al."* have shown that, coin- 
cident with the lowering of serum calcium 
(by disodium ethylenediaminetetraacetate 
administered intravenously), ectopic atrial 
beats were suppressed or abolished in 7 out 
of 14 patients and ventricular beats in 16 
out of 25 patients. 

The question of degenerative disease 
arises from the consequence of cumulative 
poisoning of enzyme systems by either too 
much or too little of the element required 
in their normal action. The role of cobalt 
and copper, in the cycle of maturation of 
the red blood cell, has just recently come 
under investigation. 

Tietz et al.” analyzed autopsy and biopsy 
tissues of the lung, liver, and kidney by 
spectrographic methods for manganese and 
other elements. These tissues were taken 
from human beings with and without malig- 
nant lesions. A higher content of magnesi- 
um, lead, iron, cerium, chromium, nickel, 
sulfur and silver was found in those patients 
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suffering from neoplastic disease regardless 
of the primary site. Chromium and silver 


were significantly high in kidney tissues of 


patients with neoplastic disease. The metal 
content in the tumor itself was definitely 
lower than that of the surrounding host 
tissue. This type of research opens many 
avenues of research to discern elemental 
differences within malignant and nonmalig- 
nant tissue. 

Muller® reports on the use of neutron 
activation analysis of colloidal gold 198. 
Quantitative approximations of the amount 
of gold within the lymph nodes and other 
anatomic structures were obtained by ex- 
ternal counting and scanning, by counting 
of ashed active samples, and by autoradiog- 


raphy. After a period of time for decay of 


the radioactive gold, the author reactivated 
the gold within a reactor and obtained 
accurate quantitative data on the amount 
of gold per gram of lymph node and other 
structures. The study of the actual distri- 
bution of radioactive material into the lym- 
phatics and the mesenteric mucosal sur- 
faces would lead to more accurate 
knowledge of the role of colloids in pallia- 
tive, curative, or preventive treatment 
against metastases to these regions. A col- 
loidal isotope with a short half-life and a 
high energy radiation that could be con- 
tained within the vascular and lymphatic 
systems could augment our chemotherapy 
of the “wandering cells” cast off from malig- 
nant tissues during manipulation, or opera- 
tion of the parent tumor. By using inactive 
nontoxic materials, allowing them to as- 
sume their final distribution, and then ac- 
tivating them in a nuclear reactor, one 
could study their distribution with finite 
microautoradiography or counting pro- 
cedures. 

A recent clever twist for use of neutron 
activation analysis developed by Spencer 
et al.!* is to measure the radioactivity of a 
sample, expose it to thermal neutrons, and 
then measure the activity again. Increase 
in the activity can be used to identify and 
measure carriers. The carrier content, then, 
of any radioactive material can be qualita- 
tively found by neutron activation analy- 
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sis. They began the study of locating iodine 
atoms in the human thyroid by activating 
the iodine in tissue samples in a reactor and 
making autoradiographs to show iodine 
128 distribution. Again, the elimination of 
radioactivity within the human body allows 
this tool to be used with impunity and 
shows possibilities of disclosing the iodine 
metabolism within the thyroid gland. 

Over the past year our laboratory per- 
sonnel have familiarized themselves with 
the characteristics of this new and exciting 
instrument, the nuclear reactor. Pilot stud- 
ies On neutron activation analysis of blood 
products and urine have been carried out. 

In our laboratory the most specific and 
accurate chemical techniques for sodium, 
potassium, calcium, magnesium, zinc, man- 
ganese, mercury, arsenic, and copper have 
been worked out in the past eight months. 
Comparison of these chemical techniques 
to neutron activation is now in progress. 
Many minute samples can be activated in 
the reactor. The present objectives are: 
(1) to analyze urine and 3 blood derivatives 
of normal and abnormal subjects in order 
to determine the quantity of 4 major cat- 
ions and anions, and (2) to quantitate § 
trace elements in the same individuals. It 
is proposed to establish standard means 
and extremes of these 9 elements found in 
normals. 

Activation of these samples is accom- 
plished by placing them into sealed poly- 
ethylene test tubes and irradiating them 
for specific time periods, dependent upon 
the isotope of interest. Standards of these 
elements are irradiated for the same time 
period and with identical geometry. After 
removing the tissue sample and standard, 
the radiation is counted by a gamma detec- 
tor and recorded via a multichannel ana- 
lyzer. 

Each determination is made in quadru- 
plicate. It is estimated that within the next 
year 1,000 normal individuals will have had 
their blood and urine analyzed in this fash- 
ion. Theoretically, this amounts to 16,000 
analyses a year for the g elements to be 
determined. 

It is estimated that these 16,000 samples 
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could be easily activated and analyzed us- 
ing present facilities and personnel. 

However, the analyses by manual arith- 
metic determinations would take 6,400 
working days at 2.5 days per sample. This 
means approximately 62 people doing anal- 
vsis of data per year. 

A corollary objective has been to over- 
come this limiting handicap of manual anal- 
ysis. 

For the past fifteen months work has 
progressed on the idea of employing a com- 
puter to analyze the data presented by the 
multichannel analyzer. A method has been 
conceived and shown to be practical. 


COMPUTER ANALYSIS 


The first step to be taken is to introduce 
pure samples of known quantity into the 
testing procedure. The resultant spectrum 
is introduced into an IBM “1620” compu- 
ter via paper tape punched by the analy- 
zer. The computer will analyze the spec- 
trum, picking out the value of the principal 
photopeak and its associated channel; then 
compute and punch into paper tape: (1) 
quantity (gamma counts per minute); (2) 
principal photopeak value with its associ- 
ated channel; and (3) percentage contribu- 
tion of each channel output to the principal 
photopeak. This tape becomes part of a 
“library of standards” which can be ex- 
panded as desired to investigate new sub- 
stances. Each tape in this “library” will 
now be referred to as a “standard”; or a 
standard, when available, may be obtained 
from National Bureau of Standards. 

Having obtained or produced standards 
for each of the substances to be tested, the 
following procedures will be utilized to ob- 
tain quantitative analyses of these samples. 
These analyses are divided into 6 different 
categories the procedures differ 
slightly depending on the oscilloscopic pat- 
tern viewed on the analyzer. 


since 


4. KNOWN SUBSTANCE SINGLE PEAK 


This represents the case in which a sam- 
ple of known substance but unknown quan- 


tity is tested. Following the introduction of 
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the spectrum, the procedure will be to select 
from the “library” the standard for this 
particular substance and introduce this 
tape into the “1620.” The computer will 
analyze the spectrum, find the principal 
photope: ak and compare its channel to the 
principal photopeak channel of the stand- 
ard. If they disagree, compensation for 
drifting is made and noted, and a ratio of 
the spectrum photopeak and standard pho- 
topeak will be obtained. If they agree the 
ratio is obtained directly. This ratio will 
be used to compute the desired quantity by 
applying it to the quantity as read from 
the standard. The result will be printed on 
the “1620” typewriter. Furthermore, the 
computer will apply this ratio to all the 
respective channel percentages of the 
standard, taking into account the compen- 
sation for drifting, if necessary, and will 
determine if the spectrum of the sample 
varies in exact proportion to the standard. 
These differences can be printed out on the 
“1620” typewriter for further analysis, and 
also punched into paper tape in the same 
format as the spectrum tape so that further 
computer analysis can be performed. 


B. KNOWN SUBSTANCES MULTIPLE CLEAR PEAKS 


The spectrum tape for this mixture is 
introduced into the “1620” followed by the 
appropriate standards for each of the 
known substances in the mixture. The com- 
puter will first select the most energetic 
peak (the one with the highest channel num- 
ber). In the same manner as in procedure 
“A,” the quantity is obtained for this sub- 
stance by selecting the proper standard. 
Following this, the computer will apply the 
ratio and percentages and subtract the con- 
tribution of this substance to the spectrum 
of the sample. The result will be a new or 
“reduced” spectrum of the remaining sub- 
stances, and the process is repeated until 
all known substances are analyzed. A check 
similar to that in procedure “A” can then 
be made for any impurities remaining. Pro- 
cedure “B” the contribu- 
tions of the less energetic substances will 
not affect the spectrum in the peak area of 
the most energetic. 


is possible since 
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C. KNOWN SUBSTANCES MIXED PEAKS 


This represents the case in which the 
spectrum of the sample or the reduced spec- 
trum contains a mixture such that the 
principal photopeak of one or more, as 
viewed on the oscilloscopic pattern, notice- 
ably affects the others. Thus, peak values 
of the spectrum cannot be used to compute 
the ratios directly as in procedure “B” 
since these peaks are composites. The con- 
tributions of each substance in such a mix- 
ture have to be completely separated in 
such a way that peak values are obtained 
that represent only that part of the com- 
posite attributable to each substance. To 
accomplish this, the spectrum of the sample 
is introduced into the computer followed by 
the appropriate standards. The peak values 
of the sample spectrum and associated 
channels are determined. The percentages 
corresponding to these channels are taken 
from the standards and used as coefficients 
in a set of simultaneous equations along 
with the sample spectrum values of these 
channels. The computer solves the simul- 
taneous equations to obtain the peak con- 
tributions of each substance. Quantity is 
obtained as in procedure “A” by computing 
a ratio from each of these peak values. 
After subtracting the entire mixture from 
the spectrum sample, procedure “B” can 
be followed for the spectrum remaining if 
the peaks are clear. Procedure ‘“‘C”’ has to 
be repeated if the spectrum still contains a 
mixture at another point such that the 
remaining peaks are still composites. 


D. UNKNOWN SUBSTANCES CLEAR PEAKS 
Essentially, procedure “B” is used for 
this case, except that, after the introduction 
of the sample spectrum, an attempt will be 
made to determine the substances by intro- 
ducing a number of standards into the 
computer. (This could be the entire “‘li- 
brary,” if necessary.) The computer will 
try the various standards until the proper 
combination of substances is found, after 
which procedure ““B” can be used directly. 
E. UNKNOWN SUBSTANCES MIXED PEAKS 


As described above for “Unknown Sub- 
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Clear Peaks,” the first task of 
the computer would be to determine the 
substances contributing to the mixed peak 
or peaks of the sample spectrum. This is 
accomplished by introducing many stand- 
ards into the computer, and having the 
computer find the proper mixture, using 
procedure “C”’ on various combinations of 
standards that are possibly present in the 
mixture. 


stances 


F, PROFILE OF ENERGY PEAKS 

Another use of automatic data processing 
is in profiling. As an example, gamma-spec- 
trum tapes of a large number of normal 
samples of activated blood may be collected 
and fed into the computer. An average and 
standard deviations of normal elemental 
content may be taped as a composite spec- 
trum. This tape may then be used as a com- 
parison spectrum with blood samples under 
investigation. 


CONCLUSION 


We feel that the application of neutron 
activation analysis to the medical sciences 
is a necessity. Neutron activation analysis 
is available and limited only by the imagi- 
nation of the investigator. Minute samples 
of any form with practically no preparation 
can be measured. This technique eliminates 
introduction of radiation into a subject. 
Radiometric analysis is, in many ways, 
superior to other methods of analysis. Ad- 
dition of the IBM 1620 computer will re- 
duce analysis time and increase efficiency 
and accuracy. 

Richard E. Ogborn, M.D. 
Radioisotope Service 
Veterans Administration Hospital 


4101 Woolworth Avenue 
Omaha 5, Nebraska 


The authors wish to express their apprecia- 
tion to Messrs. George Hessling and Paul 
VanAlstyne (IBM Corp.) for their valuable 
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LEUKEMOGENIC AND CANCEROGENIC 


EFFECTS OF 


INCE the advent of the atomic age, 
\7 enormous strides have been made in 
advancing our knowledge of the biologic 
effects produced by the ionizing radiations 
on human beings. The use of roentgen rays 
and radium in medical practice, since the 
turn of the century, and the vast observa- 
tions made in conjunction with this prac- 
tice, paved the way for the establishment 
of fundamental concepts in diagnosis and 
treatment of disease. Very soon it became 
apparent, however, that exposure to radia- 
tion carries with it certain hazards which, 
whether of factitial or occupational nature, 
must be avoided or reduced to a minimum 
whenever possible. 

The atomic bomb explosions at Hiro- 
shima and Nagasaki suddenly brought into 
sharp focus the grave destructive poten- 
tialities of these hazards, thereby inciting 
innumerable investigations on the effects 
of ionizing radiations not only on the 
health of the individual but of the popula- 
tion as a whole. Greatly concerned with 
this aspect, the U. S. National Academy of 
Sciences-National Research Council! and 
the Medical Research Council of Great 
Britain? collected all the available data and 
in 1956 issued their First Reports, primarily 
from the national point of view. In 1958, 
the United Nations Scientific Committee of 
the Effects of Atomic Radiation® put forth 


1 The Biological Effects of Atomic Radiation—Summary Re- 
ports. National Academy of Sciences—National Research Coun- 
cil, Washington, D. C., June, 1956; also Special Bulletin, The 
American College of Radiology, Sept., 1956. 

2 The Hazards to Man of Nuclear and Allied Radiations. The 
Medical Research Council, June, 1956, Cmnd. 9780, H. M. Sta- 
tionery Office, Atlantic House, Holborn Viaduct, London, E.C. 
1, England (Price ¢s. 6d. net). 

3 Report of the United Nations Scientific Committee on the 
Effects of Atomic Radiation. United Nations, New York, N. Y., 
1958. 
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a similar Report, from a world-wide point 
of view. There were, of course, other reports 
published. Because of the large amount of 
new information obtained through greatly 
expanded research facilities, physical meas- 
urements of various radiation levels and 
especially further assessment of the effects 
depending on a longer period of observa- 
tion, both the U. S. National Academy of 
Sciences-National Research Council‘ and 
the Medical Research Council of Great 
Britain® found it necessary to prepare in 
1960 a Second Report, incorporating these 
latest developments. 

Among the long range observations of 
particular interest to the radiologist are 
the leukemogenic and cancerogenic effects. 

A voluminous literature has already ac- 
cumulated on the leukemogenic effect of 
ionizing radiations, not a small part of 
which is of a rather controversial nature. 
As pointed out in the Second Report of the 
Medical Research Council of Great Britain, 
the two most important “continuing in- 
vestigations” from which valuable infor- 
mation on the relation between incidence 
of leukemia in man and exposure to ioniz- 
ing radiation is derived are those carried 
out by the United States Atomic Bomb 
Casualty Commission in collaboration with 
the Japanese authorities on survivors of the 
atomic bomb explosions in Hiroshima and 
Nagasaki’ and those sponsored by its own 


4 The Biological Effects of Atomic Radiation 
ports. National Academy of Sciences 
cil, Washington, D. C., May, 1960. 

5 The Hazards to Man of Nuclear and Allied Radiations. A 
Second Report of the Medical Research Council, Dec., 1960, 
Cmnd. 1225, H. M. Stationery Office, Atlantic House, Holborn 
Viaduct, London, E.C. 1, England (Price 7s. od. net). 

6 Lance, R. D., Moroney, W. C., and Yamawak1, T. Leu 
kemia in 


Summary Re 
National Research Coun- 


atomic bomb survivors. I. General observations. 
Blood, 1954, 9, §74-585; also Motoney, W. C., and Lanag, R. D. 
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Council on patients treated by large doses 
of irradiation for ankylosing spondylitis.’ 
Both of these investigations have estab- 
lished a positive correlation between leu- 
kemia incidence and irradiation. 

In its First Report, the Medical Re- 
search Council of Great Britain did not 
indicate a sharply defined period in which 
the occurrence of leukemia in the Japanese 
survivors rose to a peak. Since then the 
number of leukemia cases has increased 
and knowledge of population groups upon 
which to base analysis has improved. In a 
recent report,® Heyssel and co-workers of 
the Atomic Bomb Casualty Commission 
were able to present for the first time an 
analysis of incidence of leukemia based on 
fixed samples of survivors. The report re- 
fers only to the Hiroshima survivors, cov- 
ering the period from 1945 to 1958, but a 
similar report is also being prepared for the 
Nagasaki survivors. 

The atomic bomb explosion survivors re- 
ceived a single sublethal dose of whole body 
gamma plus neutron radiation, the magni- 
tude of the dose depending on the distance 
from the hypocenter and, to some extent, 
on the shielding conditions present. It was 
demonstrated earlier that the incidence of 
leukemia increased with decreasing dis- 
tance from the hypocenter. In the more 
recent report, Heyssel and co-workers’ 
state that the preliminary analyses indi- 
cate that this increase was linear above 50 
to 100 rads. Between 1950 and 1957 the 
estimated incidence per 10,000 population 
per year was 17.20 within 1,000 meters, 
3.30 from 1,000 to 1,500 meters, 0.34 from 
1,500 to 2,000 meters, and 0.29 from 2,000 
to 10,000 meters from the hypocenter, as 
compared to 0.24 for the Japanese popula- 


Leukemia in atomic bomb survivors. II. Observations on early 
phases of leukemia. Blood, 1954, 9, 665-685. 

7 Court-Brown, W. M., and Dott, R. Leukaemia and Aplastic 
Anaemia in Patients Irradiated for Ankylosing Spondylitis. 
Medical Research Council Special Report Series No. 295. H. M. 
Stationery Office, Atlantic House, Holborn Viaduct, London, 
E.C. 1, England (Price tos. 6d. net). 

8’ Heysset, R. A., Britt, B., Woopsury, L. A., NisHimura, 
E. T., Guose, T., Hosuino, T., and Yamasak1, M. Leukemia in 
Hiroshima atomic bomb survivors. Blood, March, 1960, 75, 313- 
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tion as a whole. Heyssel and co-workers$ 
also state that the minimum period prior to 
development of leukemia was less than 
three years; the risk increased during the 
next two years and reached its peak be- 
tween four and eight years following radia- 
tion exposure. It then diminished and after 
thirteen years was only slightly higher than 
the expected normal incidence. 

In the ankylosing spondylitis series,’ the 
patients received irradiation under differ- 
ent circumstances. The case histories of 
13,352 patients treated at 81 British Radio- 
therapy Centres between 1935 and 1954 
revealed that more than go per cent had 
localized irradiation to the spine with 
roentgen rays of 1.5 mm. Cu half value 
layer, given in 2-4 or more courses. In 
these patients the annual incidence of leu- 
kemia was 16-17 cases per 10,000 follow- 
ing a mean dose in excess of 1,750 r to the 
spinal marrow, as compared to 0.5 case 
per 10,000 of the normal population in 
Great Britain. For all patients the annual 
incidence rose to 72 cases per 10,000, fol- 
lowing a mean dose to the spinal marrow in 
excess of 2,250 r. A study of the long-range 
effect in these patients showed that no case 
of leukemia occurred less than two years 
after the start of treatment and that the 
peak incidence was reached between three 
and five years. The second Report of the 
Medical Research Council of Great Britain 
indicates that the increased risk of inducing 
leukemia under these circumstances 1s dis- 
appearing by the tenth to twelfth year 
after exposure. 

Heyssel and co-workers,* after compar- 
ing the Japanese material with the British 
studies and weighing carefully the various 
facets of the problem, state that two points 
are worthy of emphasis. The first is that, 
since leukemia occurs in human population 
with or without radiation exposure, at 
present only a presumptive relation be- 
tween radiation and a given case of leu- 
kemia can be made. Secondly, and even 
of greater importance, is that the studies in 
humans which have established a definite 
relation between radiation and leukemia 
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have without exception involved groups of 
people exposed to fairly large amounts of 
radiation. 

A third possibility of leukemogenic effect 
of radiation was suggested by a few early 
studies in conjunction with exposure of 
the fetus im utero during diagnostic roent- 
genology. Since in this instance very small 
doses of roentgen rays are used, the as- 
sumption was made that the child during 
early fetal life is particularly susceptible to 
radiation exposure. Recently Court-Brown, 
Doll, and Hill,’ after surveying the records 
from 1945 to 1956 of 39,166 live-born chil- 
dren exposed to radiation iv utero in eight 
hospitals in London and Edinburgh, found 
only g cases which died of leukemia, where- 
as the expected number was estimated to 
be 10.5. A survey carried out by Lewis!° at 
the Queen Charlotte’s Hospital in London 
revealed similar findings. Of 12,657 non- 
irradiated control cases up to six years of 
age, 7 died from leukemia, an incidence of 
1 in 1,808. Of 4,291 irradiated cases over 
the same period of time, 1 died from leu- 
kemia, an incidence of 1 in 4,291. The 
Second Report of the British Medical Re- 
search Council, after assaying the data ob- 
tained more recently, states that the inci- 
dence of leukemia among these children is 
no greater than that which is expected 
among children in the population in gen- 
eral. 

As it concerns the cancerogenic effect of 
radiation, the most comprehensively stud- 
ied lesions are cancer of the skin due to 
occupational exposure to roentgen rays or 
radium and osteogenic sarcoma of the bone 
in the watch dial painters due to internal 
irradiation by absorbed radioactive sub- 
stances. In both of these instances irradia- 
tion extended over long periods of time and 
the large cumulated doses, after episodes 
of repeated destruction and repair, even- 
tually led to irreversible degenerative 


* Court-Brown, W. M., Dott, R., and Hitt, A. Braprorp. 
Incidence of leukaemia after exposure to diagnostic irradiation 
in utero. Brit. M. F., Nov. 26, 1960, 2, 1539-1545. 

0 Lewis, T. L. T. Leukaemia in childhood after antenatal ex 
posure to x rays; survey at Queen Charlotte’s Hospital. Brit. 
M. F., Nov. 26, 1950, 2, 1551-1552. 
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changes culminating in malignant trans- 
formation of the unalterably damaged tis- 
sues. 

Infrequently, malignant neoplasms oc- 
curring under other conditions were re- 
ported but unless they were preceded by 
the above-mentioned degenerative changes, 
whether caused by repeated small doses 
over a prolonged period, larger doses over a 
shorter time or a single overexposure, their 
induction by radiation was considered de- 
batable. Among these are a few cases of 
cancer of the thyroid and malignant neo- 
plasms of the thymus attributed to irradia- 
tion of the structures of the neck and upper 
chest in childhood. 

A very interesting and rather surprising 
report on the possible cancerogenic effect of 
radiation was published recently by Harada 
and Ishida." This report, which is the first 
of the newly created Research Committee 
on Tumor Statistics of the Hiroshima City 
Medical Association, presents an analysis 
of the incidence of malignant neoplasms 
diagnosed from May, 1957 to December, 
1958 in the atomic bomb explosion sur- 
vivors. Approximately 1,750 cases of ma- 
lignant neoplasms were registered during 
this period, of which 58 per cent were con- 
firmed by microscopic examination of tissue 
taken at biopsy or autopsy and 12 per cent 
were diagnosed by roentgen study or sur- 
gical exploration. The remaining 30 per 
cent, diagnosed by clinical examination 
alone or based only on death certificates, 
were considered unconfirmed. To evaluate 
the unsupported clinical diagnoses, the 
autopsy diagnoses from 1948 to 1959 were 
correlated with the previous clinical diag- 
noses of cancer and according to the au- 
thors a good correlation was obtained. In the 
statistical compilation both the confirmed 
and unconfirmed cases were used and, fol- 
lowing elimination of the cases of leukemia 
and lymphosarcoma, the incidence was re- 
calculated. 


Harapa, T., 
vivors in Hiroshima: First Report of the Research Committee on 
Tumor Statistics, Hiroshima City Medical Association, Hiro 
shima, Japan. 7. Nat. Canc. Inst., Dec. 


and IsHipa, M. Neoplasms among A-bomb Sur 


1960, 25, 1253-1264. 
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Based on this material, the cancer in- 
cidence in the atomic bomb explosion sur- 
vivors was estimated in relation to the dis- 
tance from hypocenter. The figures of the 
Registry were adjusted to the 1955 census 
of the population of Hiroshima, after 
standardizing the rates to those of the 
populations of Miyagi Prefecture, Japan; 
Connecticut, U.S.A.; and Copenhagen, 
Denmark. The following estimates were 
obtained for a distance within 1,500 meters 
from the hypocenter: cancer of the stom- 
ach, 24 (expected, 12.41); cancer of the 
lung, 10 (expected, 2.32); cancer of the 
breast, 5 (expected, 2.49); cancer of the 
cervix uterl, 8 (expected, 4.99); and cancer 
of the ovary, 4 (expected, 1.01). In other 
words, the incidence was noted to be in- 
creased for all 5 types of malignant neo- 
plasms, although previously Murphy and 
Yasuda? of the Atomic Bomb Casualty 
Commission, in a study of cancer of the 
stomach, reported no difference in the fre- 
quency of this neoplasm in survivors 
within 2,5co meters from the hypocenter 
and those not exposed. For a distance with- 
in 1,c0o meters from the hypocenter, where 
some of the survivors received the maxi- 
mum sublethal dose, the Tumor Registry 
found an annual incidence of malignant 
neoplasms of all types of 1,200 per 100,000 
population, or more than 4 times that of 


12 Murpny, E. S., and Yasupa, A. Carcinoma of the stomach 
in Hiroshima, Japan. 4m. F. Path., 1958, 34, §31-542. 
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the unexposed population. The so-called 
“doubling dose” was observed at approxi- 
mately 1,300 meters from the hypocenter, 
and the equivalent air dose was calculated 
to be in the neighborhood of 400 rads, equal 
to or somewhat below the LDs5» for human 
beings. According to Harada and Ishida," 
the data obtained indicate that there is an 
absolute increase rather than acceleration 
in the age-specific incidence of malignant 
neoplasms. No mention is made in this re- 
port of the occurrence of thyroid cancers 
following exposure to similar large doses of 
radiation in children. 

Obviously, long-range statistical analyses 
represent significant contributions to the 
study of the leukemogenic and cancero- 
genic effects of large doses of ionizing radia- 
tions. The few statistical data available 
seem to point to the fact that such effects 
were not encountered in conjunction with 
exposure to low doses of radiation; in par- 
ticular, the increased leukemogenic sus- 
ceptibility during early fetal life in utero 
was not observed. However, as stressed in 
the Second Reports of both the U. S. Na- 
tional Academy of Sciences-National Re- 
search Council and the Medical Research 
Council of Great Britain, further extensive 
investigations on all aspects of the problem 
are necessary. 

T. Leucutia, M.D. 
Harper Hospital 
Detroit 1, Mich. 
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X-RAY BARRIER DETERMINATIONS 


Measurements made by the National 
Bureau of Standards, in a program spon- 
sored by the Atomic Energy Commission, 
indicate that present methods of determin- 
ing barrier requirements for x-ray installa- 
tions may result in walls having protective 
barriers that are several half-value layers 
thicker than actually required.! This study, 
conducted by S. W. Smith and J. R. 
Brooks, with the cooperation of over 20 
hospitals and clinics, may lead to savings 
in the cost of many future installations. 

The usual procedure for the calculation 
of required barrier thickness is to assume 
near-maximum values for the various fac- 
tors affecting the exposure of the barriers if 
more precise knowledge of them is not 
known. These factors include such vari- 
ables as workload, fraction of time the radi- 
ation is directed toward the barrier, effect 
of coning, attenuation of the patient, and 
others. In actual practice, one or more of 
these factors may be considerably less than 
the maximum values assumed for busy in- 
stallations and the barrier thickness re- 
quired for personnel protection may thus be 
less than that indicated by the calculations 
based on these assumptions. 

In this study, the amount of radiation 
reaching various regions of the x-ray rooms 
was determined through the use of pocket- 
type ionization chambers. As many as 70 
of these instruments were attached to se- 
lected positions on the ceiling and walls of 
each room. Readings were taken once or 
twice a week, depending on the exposure, 
for a period of from one to two months. 
The penetrating quality of the radiation 
was determined from attenuation curves 
obtained from readings of instruments that 
were surrounded with varying thicknesses 
of aluminum or lead. 

' For further technical details see, Measurement of radiation 
exposure at the walls of medical x-ray rooms for determining 


protective barrier requirements, by S. W. Smith and J. R. Brooks, 
Atompraxis (March, 1960). 


The work load in milliampere-minutes 
of each installation was automatically de- 
termined by a charge-integrating device 
connected to the x-ray control. From the 
data obtained it seems reasonable to as- 
sume, when no specific information ts avail- 
able, a workload of 1,000 ma.-min./week 
for a busy diagnostic x-ray room. 

The amounts of lead shielding required 
to reduce exposure to the desired level were 
calculated from the collected data for those 
rooms having maximum exposure and use. 
These thicknesses were generally consider- 
ably lower than values arrived at using the 
usual procedure, indicating substantial 
safety factors. 

The results of this study, combined with 
data trom other experiments, may even- 
tually result in a reduction in the amount 
of shielding specified for x-ray rooms by 
use of more realistic values for the various 
factors used in computing the barriers. 


COURSE IN SPECIAL RADIATION 
PROCEDURES IN THE TREATMENT 
OF CANCER 

A one-week intensive course in the use 
of specialized radiation techniques in the 
treatment of malignant disease will com- 
mence at the Queens Hospital Center, 
Monday, October 16, 1961. 

Clinical, Operative and Laboratory ses- 
sions will be held and will include: (1) Ro- 
tational and arc cobalt teletherapy; (2) 
Interstitial therapy with various radioiso- 
topes, ¢.g., iridium, yttrium, cobalt, radon; 
(3) Recent techniques in the field of iso- 
topes; (4) Beta-ray applicators; (5) Opera- 
tive radium techniques: Henschke, Hey- 
mann, Ernst, low-intensity needles, radical 
neck procedures, parametrial implanta- 
tions, etc.; and (6) Modern techniques in 
radium mold fabrication. 

The faculty will consist of members of 
the Radiation Medicine Department, as 
well as invited guest lecturers. Enrollment 
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in the course will be limited. The tuition fee 
is $150. For further information apply to 
Dr. Philip J. Kahan, Supervising Medical 
Superintendent, Queens Hospital Center, 
82-68 164th Street, Jamaica 32, N. Y. 

COURSE IN RADIOACTIVE ISOTOPES 

FOR TECHNICIANS 

A course in Radioactive Isotopes for 
Technicians consisting of 8 sessions of 4 
hours each is to be held every Wednesday 
afternoon, commencing September 
1961, and ending November 15, 1961 (1 to 
5 p.M.). It will be devoted to laboratory 
techniques in the use of radioactive iso- 
topes. Sessions will be divided equally be- 
tween lectures and laboratory work. The 
most commonly used medical applications 
of radioactive isotopes, as well as health 
and safety measures, will be stressed. This 
course is limited to 10 members. The tui- 
tion fee is $100. Requests for applications 
should be sent to Dr. Philip J. Kahan, Su- 
pervising Medical Superintendent, Queens 
Hospital Center, 82-68 164th Street, Ja- 
maica 32, N. Y. 

THIRD SYMPOSIUM ON 
CINEFLUOROGRAPHY 

The Staff of the Department of Radiol- 
ogy at the University of Rochester regrets 
that it was not possible to hold the Third 
Symposium on Cinefluorography in the 
Spring of 1961 as originally announced. 
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Instead, the meeting will be held in Roches- 
ter, New York, on Friday and Saturday, 
December 1 and 2, 1961. As before, the 
seating capacity of the auditorium will 
limit registration to approximately 150 
individuals. 

The program will include basic orienta- 
tion in problems of motion picture radiog- 
raphy as well as demonstrations of the ap- 
plications of cinefluorography in the basic 
sciences and clinical sciences. 

This announcement is an invitation for 
the submission of scientific papers dealing 
with any facet of the technical or applied 
aspects of motion picture radiography. 

Please address inquiries or applications 
to: Stanley M. Rogoff, M.D., Division of 
Diagnostic Radiology, University of Roch- 
ester Medical Center, Rochester 20, New 
York. 

TENTH ANNUAL IRA TI. 
KAPLAN LECTURE 

The Tenth Annual Ira I. Kaplan Lecture 
will be held on Thursday, May 25, 1961, 
5:30 P.M. in the main auditorium of Alumni 
Hall, New York University School of Medi- 
cine, $50 First Avenue at 31st Street, New 
York, New York. The lecturer will be 
Walter T. Murphy, M.D., Director of 
Therapeutic Radiology, Roswell Park 
Memorial Institute, Buffalo, New York. 
Dr. Murphy will speak on “Complications 
of Head and Neck Irradiation.” 


We regret to announce the death on April 8, 1961, in Ann 
Arbor, Michigan, of Dr. Samuel W. Donaldson, distinguished 
member and 2nd Vice-President of the American Roentgen 
Ray Society and also the death on April 9, 1961, in Denver, 
Colorado, of Dr. David M. Gould, distinguished member of 
the American Roentgen Ray Society. 
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Low Inrensiry Rapium THERApy. By Charles 
L. Martin, E.E., M.D., F.A.C.R., Clinical 
Professor of Radiology, Southwestern Med- 
ical School, University of Texas; and James 
A. Martin, M.D., F.A.C.R., Associate Pro- 
fessor of Radiology, Southwestern Medical 
School, University of Texas. Cloth. Price, 
$12.50. Pp. 257, with 20 color plates and 118 
illustrations. Little, Brown & Company, 34 
Beacon St., Boston, Mass., 1959. 


Kew men have the thrill of dedicating a book 
representing a portion of their life’s work to an 
illustrious pioneering father and grandfather 
to whom is attributed the stimulus for this pub- 
lication. Based on an experience of thirty 
years, the father and son, authors of this con- 
cisely written and well-illustrated book, have 
documented their use of low intensity radium 
therapy in malignancies of the head and neck, 
certain female genital cancers, carcinoma of the 
breast metastatic to internal mammary lymph 
nodes, and some more unusual lesions. 

The discovery of radioactivity, the isolation 
of radium, and the recognition of its therapeutic 
powers and later of its destructive effects are 
chronicled. The first crude attempts at inter- 
stitial therapy followed by the use of high in- 
tensity sources, and the later development of 
low intensity radium needle therapy are de- 
scribed in an opening chapter which recounts 
the evolution of radium therapy from an art 
with a pseudoscientific explanation of its mech- 
anism to the practical dosage systems of Pat- 
erson and Parker, and Quimby. However, the 
authors stress that biologic behavior remains 
the undefinable factor in the application of 
radium therapeutically. 

Subsequent chapters deal with the principles 
of this type of therapy, a description of the 
needles employed and a discussion of dosage. 
The authors do not employ a uniform dosage 
technique. Implantation methods, patient care, 
the complications of the procedures and the 
radiation hazards inherent in their application 
are the subjects of further chapters. 

Since lesions of the skin, oral cavity, uterine 
cervix, vagina and breast comprise the most ac- 


cessible cancers, these form the bulk of the sub- 
ject matter in this book. Case documentation 
with pre- and post-treatment photographs and 
diagrammatic representation of implants liber- 
ally illustrate the text and effectively demon- 
strate the philosophy and practice of this type 
of therapy. 

The authors’ opinions on the management of 
these various lesions are expressed concisely 
and forthrightly, in particular concerning car- 
cinoma of the cervix about which they describe 
a technique of “approximation therapy” em- 
bodying the use of intracavitary therapy alone 
for early lesions, a combination of intracavitary 
and interstitial therapy for more advanced 
lesions, and, in some instances, a combination 
of intracavitary, interstitial and external roent- 
gen therapy. In other instances, combined in- 
terstitial low intensity radium needle therapy 
with electrosurgery and external roentgen 
therapy is judiciously employed where indi- 
cated. 

Throughout this book the authors use case 
reports to describe their methods. Those who 
would criticize the lack of precision in the 
planning of implantations or dosage must refute 
the best criterion of success—the practical test 
of time. Considerable success in managing ac- 
cessible carcinomata by irradiation techniques 
as opposed to radical surgical techniques is 
demonstrated. 

A highlight of this book is an atlas of 20 
pages with pre- and post-treatment photo- 
graphs reproduced in full color. The “short of 
radical surgery” treatment of difficult to man- 
age lesions of the face, neck, ear, oral cavity and 
metastatic cervical lymph nodes is thus pre- 
sented pictorially, diagrammatically (as far as 
the implantations are concerned) and by ab- 
breviated historical sketches. 

This book is best characterized by the au- 
thors’ own words in setting forth two funda- 
mental axioms for treatment: ‘‘First, that the 
best procedure must produce the largest num- 
ber of cures with the smallest number of per- 
sistent sequelae; and second, that the patient 
should be made to feel better rather than 
worse.” This book is dedicated to these princi- 
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ples and the authors have eminently 
ceeded in achieving their aim. All radiologists, 
and particularly those restricting their practices 
to radiation therapy, will do well to glean this 
storehouse of practical knowledge of low in- 
tensity interstitial therapy. 
K. L. Krappenuort, M.D. 
AND CLINICAL PRAc- 
tice. By F. G. J. Hayhoe, M.A., M.D. 
(Cantab.), M.R.C.P. (Lond.), Lecturer in 
Medicine, University of Cambridge; Honor- 
ary Physician, The United Cambridge Hos- 
pitals. Cloth. Price, $16.00. Pp. 335, with 12 
colored plates and 196 black and white illus- 
trations. Little, Brown & Co., 34 Beacon 
t., Boston 6, Mass., 1960. 


LEUKAEMIA; RESEARCH 


The author states in the preface that he has 
attempted to provide a sufficient background 
of elementary principles in each of many re- 
search fields so that the reader will understand 
the relevance and aim of current research 
within each. This goal has been achieved in an 
understandable and succinct presentation. The 
book reflects diligent effort, a tremendous 
amount of work by the author, and also the 
training and encouragement he received from 
his great teacher, Sir Lionel Whitby. 

In the first of four sections, the early litera- 
ture on leukemia is reviewed and reasons for 
the controversy that arose between a few of the 
well-known pioneers in the field of hematology 
during the last century are given. This section 
also includes general concepts and classifica- 
tions, incidence, ecology, and etiology of the 
disease. Even though the author states that he 
is purposely giving only a short survey of the 
methods used in classifying the disease, in the 
opinion of this reviewer its brevity is unfortu- 
nate, and further description of the paraleu- 
kemic states at this point would have been help- 
ful to the student. These conditions are well 
covered in the last section of the book. 

The second section deals with the cytology, 
cytochemistry, biochemistry, metabolism, and 
antigenicity of leukemic cells. The black and 
white and color illustrations of cells stained by 
different techniques are excellent and well se- 
lected. This is true for plates throughout the 
book. 

Various methods of therapy with ionizing 
radiation, chemotherapy, and other measures 
are ably discussed in the third section. The last 
section includes chapters on the clinical aspects 
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of the various forms of leukemia and related 
conditions as well as the nature and nosology 
of the disease. 

The text is well documented with pertinent 
references. In brief, a difficult subject has been 
well presented. 

EK. C. Vonper Herne, M.D. 
Bone AND RELATED 

TIONS; ErioLoGy, PATHOGENEsIS, D1ac- 

NOSIS, AND TREATMENT. Second edition. By 

Bradley L. Coley, M.D., Attending Surgeon 

(Emeritus), Bone Tumor Department, Me- 

morial Hospital for Cancer and Allied Dis- 

eases, New York. Cloth. Price, $30.00. Pp. 

863, with 649 illustrations and 31 tables. 

Paul B. Hoeber, Inc., 49 East Thirty Third 

Street, New York 16, N. Y., 1960. 

The many notable contributions to our 
knowledge of musculoskeletal diseases, in the 
eleven years which have elapsed since publica- 
tion of the first edition of this book, have been 
incorporated into this second edition by com- 
plete revision of the original text. Written by 
an outstanding orthopedic surgeon, the format 
of the book remains unchanged as it records 
the wide clinical experience the author has had 
at what is now the Memorial Hospital for Can- 
cer and Allied Diseases in New York. 

With the heavy emphasis upon the clinica! 
problems in diagnosis and treatment, there is 
little room for detailed pathologic considera- 
tions, but, to compensate for this purposeful 
omission, the author makes reference to special 
texts on pathology for this field. Roentgeno- 
grams are used liberally throughout the book 
to illustrate most entities, but it is to be noted 
that a few conditions, or their more common 
variations, are not illustrated and those roent- 
genograms that are used have, in many in- 
stances, lost a considerable amount of detail in 
their reproduction. 

Of great benefit to clinicians is the inclusion 
of special chapters on blood chemistry in the 
diagnosis of diseases of bone, sarcomas as a 
late development in benign lesions of bone, the 
medicolegal aspects of trauma in tumors of 
bone, surgical treatment, radiation therapy, 
and constitutional therapy. Sections on tumors 
of bone in special locations, and lesions of the 
skeletal system that may simulate neoplasms 
of bone are an invaluable guide in reviewing a 
reasonable differential diagnosis. One of the 
book’s greatest assets is the remarkably exten- 
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sive bibliography that has been assembled at 
the end of each section. 

This book would seem to be best suited to the 
needs of the surgeon, and will probably be of 
less help to the pathologist or radiologist except 
as it broadens his clinical concepts of the wide 
spectra of diseases of bone and adjacent soft 
tissues. 


Dona_p M. Monson, M.D. 


THE Human SpINE IN HEALTH AND DISEASE. 
lirst American edition. By Georg Schmorl, 
M.D., and Herbert Junghanns, M.D. Trans- 
lated and edited by Stefan P. Wilk, M.D., 
and Lowell S. Goin, M.D. Cloth. Price, 
$21.00. Pp. 2865, with 419 illustrations. Grune 
& Stratton, Inc., 381 Fourth Avenue, New 
York 16, N. Y., 1959. 


This classic monograph, when it was first 
published in 1932, at once became the authori- 
tative work on the spine. Schmorl, an anato- 
mist, died shortly thereafter. Junghanns, a 
radiologist, continued with three additional 
German editions and there has been one French 
edition. 

The translators of the present volume have 
used the fourth German edition, which was 
published in 1957. They have overcome the dif 
ficulties which are always inherent in expressing 
the thoughts and conclusions of the original 
authors. Differences in terminology have been 
carefully reconciled. Reading of the monograph 
however, is made arduous by the inclusion in 
the text of the nearly three thousand authors 
who are cited as references. In this respect they 
have carefully followed the style of the German 
edition. 

The monograph is divided into nine sections; 
these are: the development and normal struc- 
ture of the spine, congenital anomalies, patho- 
logic changes of the osseous spine and inter- 
vertebral disks, spondylosis, arthritis detorm- 
ans or osteoarthritis, deformities of the spine, 
pathologic changes in mobility, vertebral slip- 
ping and displacement and a brief but complete 
description of problems encountered with the 
lumbosacral joint. 

The volume is superbly illustrated. The index 
is completely inclusive and the bibliography is 
extensive. The book is recommended without 
reservation for a place in any library used in 
the training of radiologists and orthopedic sur- 
geons. It will authoritatively settle many dis- 
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putes between the two specialties on the inter- 
pretation of roentgenograms. 
RANK P, Watsu, M.D. 
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ROENTGEN DIAGNOSIS 
BLoop AND LympH SysTEM 


THEVENET, A., and Viatia, M. L’exploration 
angiographique des artériels. 
Son intérét chirurgical. (Angiographic ex- 
ploration of arterial aneurysms. Its value to 
surgery.) ‘¥. de radiol., d’électrol. et de méd. 
nucléaire, Oct., 1960, 47, 529-539. (From: 
Service central d’Electroradiologie and Cli- 
nique de Chirurgie thoracique des Hépitaux 
de Montpellier, France.) 


anévrysmes 


New developments in surgical treatment of arterial 
aneurysms increase the need for accurate roentgen- 
ologic investigations of the arterial system. 

In only 6 of a series of 20 cases have the authors 
found evidence of aneurysms on standard roentgeno- 
grams and at fluoroscopy, although they carefully 
looked for the characteristic shape, contour, density 
and intrinsic motility, and a search was made for 
parietal calcifications. An injection of opaque ma- 
terial is necessary for the visualization of most 
aneurysms. Angiography demonstrates their exact 
size, shape, location and involvement of collateral 
arteries. All these factors are important in the deter- 
mination of their operability. 

Many angiographic methods have been used with 
satisfactory results: 

1. Standard angiocardiography by intravenous 
injection. A vein of the upper limb is dissected under 
local anesthesia and a large catheter is introduced 
towards the proximal part of the subclavian vein, so 
that a smaller amount of opaque material is needed. 
The merit of this technique lies in its utilization of 
the left phase of angiocardiography. For study of the 
abdominal aorta and its branches and of the lower 
limb arteries, the authors acknowledge that the re- 
sults are not always as accurate and sharp as those 
obtained by direct aortic or arterial puncture or by 
selective catheterization, but they emphasize the ad- 
vantages and the safety of the procedure. 

2. Retrograde femoral aortography for anatomic 
demonstration of an aneurysm of the thoracic or ab- 
dominal aorta or the iliac artery on the opposite side. 
There is no indication as to whether the arterial 
catheterization is performed after local dissection of 
the artery at the site of entry or by percutaneous 
puncture according to the Seldinger method. Even 
though they do not report such an accident, the au- 
thors raise the possibility of an embolic complication 
caused by dislodging a thrombus already present in 
the aneurysm. They suggest that the tip of the 
catheter be placed just distal to the aneurysm, 
which would be shown by reflux of opaque material 
during a fast injection. 

3. Direct abdominal aortography by translumbar 
puncture for the study of aneurysms located on the 
aorta, below the renal arteries, or on the iliac or 
fenioral arteries. 
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4. Direct femoral arteriography for investigation 
of aneurysms in the lower limbs. 

Many classifications of arterial aneurysms are pre 
sented, from the standpoints of etiology, location, 
morphology, and pathology. Little emphasis is 
placed on the differential diagnosis between true and 
false aneurysms (pulsating hematoma).—Pau/ Roy, 


M.D. 


Derrick, JoHN R., AGNew, Cotvin H., Ber- 
MUDEZ, RaymMuNDoO, and Coo.ey, Roserr N. 
(Galveston, Texas.) Experimental approach 
to problems of retrograde selective visualiza- 
tion of abdominal arteries. South. M. F., 
Dec., 1960, 53, 1534-1536. 


Visualization of the abdominal aorta and _ its 
branches has usually required the use of dangerously 
large amounts of contrast media. The need for defini- 
tive visualization of specific branches of the aorta 
with safety prompted this experimental study. 

Kifteen dogs were used. In 5 animals the celiac 
artery was partially constricted 1 cm. from the aortic 
orifice; in a second group of § the superior mesenteri* 
artery was constricted 1 cm. from the aortic orifice; 
and in the remaining § animals no previous surgical 
alteration was performed. 

Nembutal anesthesia was employed and modified 
Lehman catheters were introduced via a femoral 
artery cut-down. The catheters were modified by 
using a curved mold and heat to produce a smooth 
curve describing an arch of go° to 120° in the distal 
4 to 7 cm. A thin flexible steel stylet was introduced 
to the tip of the catheter to straighten out the curve 
and facilitate passage of the catheter. A polyethylene 
catheter containing 32 per cent lead was found to 
permit good fluoroscopic visualization. 

These modified catheters made it possible to 
visualize all 5 celiac artery constrictions, although 
the catheter was inserted into only 3 of the orifices. 
All 5 of the superior mesenteric arteries which had 
been partially constricted were entered by the tip of 
the catheter. As little as 2 cc. of 70 per cent contrast 
material was adequate with the catheters accurately 
placed in the arterial orifice. 

After some experience, radiopaque catheters can 
be guided to within a few millimeters of the desired 
orifice by the fluoroscopist. In the dog it was found 
that better visualization of the celiac axis and 
superior mesenteric artery could be obtained with 
the animal in a lateral position, while the supine posi- 
tion was good for visualization of the renal artery. 

Rigid standards of technique, including a ten point 
check list, was deemed important and should be 
studied by anyone contemplating this type pro- 
cedure in clinical practice.—-Richard E. Kinzer, M.D. 


Brapy, LurHer W., CHANDLER, Deck E., 
Gorson, Rosert O., and CuLBERSON, JOHN. 
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Perivascular extravasation of thorotrast; re- 
port of a case with eleven-year follow-up. 
Radiology, Mar., 1960, 74, 392-398. (Ad- 
dress: L. W. Brady, Department of Radiol- 
ogy, Hahnemann Medical College and Hos- 
pital, Philadelphia 2, Pa.) 


The most common complication following the use 
of thorotrast has been the formation of fibrous nod- 
ules and masses after the inadvertent perivascular 
injection of the radioactive medium. 

The authors report a case with complications of 
major importance occurring approximately ten years 
after 6 cc. of thorotrast had been inadvertently in- 
jected into the soft tissues of the left side of the neck 
during attempted cerebral arteriography. Later 
studies suggested a congenital aneurysm near the 
junction of the anterior and cerebral arteries. Ten 
years after the injection the patient was admitted 
with a hard mass in the left side of the neck and with 
neurologic deficit. Surgical excision was done with the 
removal of 46 gm. of tissue which contained parts of 
the common and internal carotid arteries, internal 
jugular vein, and vagus and hypoglossal nerves. 
There was considerable calcification but little post- 
irradiation effect, in spite of a calculated absorbed 
dose of 4,000 to 5,000 rads, and no evidence of 
malignancy. 

Changes reported by other authors following in- 
jection of thorotrast into soft tissue are similar, with 
the over-all picture representing a foreign body reac- 
tion resembling that caused by some other material, 
such as silica.—¥. C. Moore, M.D. 
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ScHuLz, E., and Beskinp, H. Systemic deposi- 
tion of metallic mercury. ¥. Pediat., Nov., 
1960, 57, 733-737. (From: Diagnostic X-ray 
Department, Clinical Center, National Insti- 
tutes of Health, Bethesda, Md.) 


Two cases of systemic deposition of metallic 
mercury are presented. The portal of entry was not 
determined in 1 case. In the second case it is believed 
to have occurred following right heart catheteriza- 
tion; the roentgen findings were interpreted as indi- 
cating that, during anaerobic blood sampling, some 
mercury inadvertently had leaked into the catheter 
on the right side of the heart. 

The mercury is identified by roentgen examina- 
tion and deposits may be seen within the cranium, in 
the neck, and especially in the thyroid gland, heart, 
lungs, liver and soft tissues. The deposits appear to 
be surrounded by foreign body reaction. 

Neither patient reported here showed evidence of 
systemic ill effects. Chronic systemic toxicity has not 
been observed in cases of metallic mercury deposits. 
Foreign body granuloma formation and emboli occur 
as interstitial deposits.—Yames F. Martin, M.D. 
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HeirzMan, E. Rosert, JRr., and Jones, JAMES 
B. Roentgen characteristics of cavernous 
hemangioma of striated muscle. Radiology, 
Mar., 1960, 74, 420-427. (Address: E. R. 
Heitzman, Jr., Department of Radiology, 
Veterans Administration Hospital, Syracuse 


10, N. Y.) 


Hemangiomas of striated muscle are not rare, ap- 
proximately 400 cases having been reported in the 
literature. The etiology of hemangiomas is obscure. 
The majority of the tumors are present at birth but 
may remain asymptomatic until late childhood or 
early adult life. They have a predilection for sites 
distal to the elbow and below the knee. The most 
common symptoms are the presence of a mass, pain, 
swelling, and cosmetic change. 

Roentgen changes are present in from 48 to 73 per 
cent of the reported cases. Phleboliths are the most 
commonly encountered findings, occurring in about 
50 per cent, and, when they occur in areas of the 
body where there is normally no plexus of veins, they 
are pathognomonic for all practical purposes. Calcifi- 
cation of the tumor is the second most commonly en- 
countered finding, being present in about 15 per cent. 
The appearance of the calcium deposit may vary 
considerably; however, the presence of an abnormal 
collection of calcium in the soft tissues of the ex- 
tremity of a young person, particularly if there is 
associated cortical thickening or cortical erosion of 
adjacent bone, should strongly suggest hemangioma. 
Bone erosion, periosteal new bone formation, local- 
ized osteoporosis, and cortical thickening may also 
occur secondary to adjacent cavernous hemangiomas. 
In larger hemangiomas, especially those adjacent to 
a layer of overlying fat, the peripheral vessels may be 
seen as tortuous channels outlined against the more 
radiolucent fatty tissue. Occasionally, hemangiomas 
may result in regional hypertrophy of bones and soft 
tissues if the epiphyses have not yet closed. 

Contrast studies of these vascular tumors have 
been recommended to delineate the tumor mass. 
Surgery is the treatment of choice.—Walter H. 
Jarvis, Fr., M.D. 


Jacosson, Harotp G., Rirkin, Harotp, and 
ZUCKER-FRANKLIN, DorotHea. Werner’s 
syndrome: a clinical-roentgen entity. Radi- 
ology, Mar., 1960, 74, 373-385. (Address: 
H. G. Jacobson, Montefiore Hospital, 210th 
St. and Bainbridge Ave., New York 67, 
Werner’s syndrome is a condition in which the 

typical patient shows premature aging, shortness of 

stature, thin, spindly, lower extremities, a large 
trunk, and facies characterized by beaking of the 
nose, shallow orbits, and loss of the periorbital con- 
nective tissue. This disease occurs with equal fre- 
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quency in both males and females and becomes 
manifest shortly after adolescence. The authors re- 
port a total of 9 cases, 6 of which came to autopsy, 
adding to the 64 documented cases in the literature. 
The etiology of this syndrome is not known although 
some believe it to be based on endocrine dysfunction. 

Roentgenographic studies show a_ generalized 
osteoporosis, more extensive in the hands and feet, 
with all the bones small in structure; soft tissue 
atrophy of the upper and lower extremities; hetero- 
topic soft tissue calcification, mostly in the lower 
extremities and about the bony prominences of the 
ankle; extensive peripheral vascular calcification, 
particularly in the extremities; osteoarthritis of the 
peripheral joints and spondylosis deformans; neuro- 
trophic bone changes of the feet, gross foot defor- 
mities, and frank osteomyelitis, particularly in the 
bones of the feet. Heart abnormalities, including an 
enlarged heart with failure, calcified coronary 
arteries, and valvular calcification, are not infre- 
quent. Pathologic findings include the extensive 
arteriosclerotic changes in the coronary and periph- 
eral vessels. The skin lesions show hypoplastic and 
atrophic changes. A striking finding is the coexistence 
of neoplastic disease, which includes carcinoma of 
the breast, fibrosarcoma of the soft tissue, hepatoma, 
uterine sarcoma, and melanosarcoma of the skin. 
Three of the patients in the authors’ series had asso- 
ciated tumors, 

The differential diagnosis must include a number 
of conditions, the most important of which are: 
scleroderma, hyperparathyroidism, arteriosclerosis 
and diabetes, Rothmund’s syndrome, cataracta 
dermatogenes, dystrophia myotonica, progeria with 
nanism (Hutchinson-Gilford’s syndrome), and an- 
hidrotic ectodermal dysplasia. The over-all roentgen 
and clinical findings in a case of Werner’s syndrome, 
together with the history, should Jeave little doubt 
about the correct diagnosis.—Donald N. Dysart, 


M.D. 


ScHULTzE, GuNTER, and Lana, Ericu K. Dis- 
seminated lipogranulomatosis; report of a 
case. Radiology, Mar., 1960, 74, 428-431. 
(Address: G. Schultze, Department of Radi- 
ology, The Johns Hopkins Hospital, Balti- 
more 5, Md.) 


Disseminated lipogranulomatosis was first de- 
scribed in 1947 by Sidney Farber as a new disease 
entity. He suggested that this disease might represent 
a bridge between two groups of lipid metabolic dis- 
orders which are etiologically distinct. One group is 
composed of the true metabolic disorders such as 
Gaucher’s, Niemann-Pick’s, and Tay-Sachs’ diseases. 
The other group is not primarily metabolic but, 
rather, is inflammatory and characterized initially by 
granulomatous lesions which subsequently undergo 
lipid replacement; this includes Hand-Schiller- 
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Christian’s disease, eosinophilic granuloma, and 
Letterer-Siwe’s disease. 

Farber reported 3 cases. The authors report 1 addi- 
tional case which is similar in all aspects. The patient, 
a fifteen month old Caucasian male, was observed to 
have an early onset of relatively painless swelling of 
the joints without marked inflammatory change, a 
hoarse cry caused by fixation of the laryngeal carti- 
lage by granulomatous tissue, and early alternating 
febrile and afebrile periods. Rapid deterioration 
secondary to pulmonary and central nervous system 
involvement, which usually occurs, was observed in 
the 3 cases reported by Farber. 

The characteristic roentgenographic feature is the 
extensive alteration of all the peripheral joints, mani- 
fested by marked distention of the joint capsules by 
a substance of soft tissue density which sometimes 
may cause subluxation. Juxta-articular erosion of the 
osseous structures may occur due to pressure from the 
firm rubbery tissue which encases the articular carti- 
lage in the form of a pannus, sometimes thickening 
to a nodule. Sections of this tissue show that it is com- 
posed of mononuclear cells, foam cells, and macro- 
phages surrounding an area of hyaline or collagen 
degeneration.—W.. M. McBride, M.D. 


HorteNsTINE, CLARENCE B. Device for regis- 
tering depth of cut in polycassette tomog- 
raphy. Radiology, Mar., 1960, 74, 483-484. 
(Address: McGuire Veterans Administration 
Hospital, Richmond 1g, Va.) 


The author describes a device for marking each 
laminagram at its correct depth level when the pro- 
cedure is polycassette laminagraphy. One-fourth inch 
lead numbers are placed go° apart in a spiral stair- 
case fashion about a small plastic central rod, with a 
vertical distance of 1.0 cm. separating each number 
from that preceding and succeeding it. This central 
rod is placed within a plastic tube. The central rod 
and plastic tube are cemented to a small base. This 
device is placed beside the patient during exposure. 
The number most clearly registered on each lamina- 
gram corresponds to the actual depth of cut at that 
particular level—_W. M. McBride, M.D. 


KOHNLE, Hans. Wege und Ziele der Réntgen- 
schirmbildstereoskopie. (Methods and aims 
of stereofluorography.) Réntgen Blatter, Nov., 
1960, 7}, 321-329. (Address: Moorenstr. 5, 
Diisseldorf, Germany.) 


The Odelca 100 is a fully automatic stereofluoro- 
graphic unit by which a pair of stereoscopic images 
can be obtained within an interval of 0.07 second. 
Two identical projectors are mounted on a cross 
beam so that their optical axes lie in the same plane. 
The image on each receptor screen can be trans- 
ferred to another room (or lecture hall) by means of a 
built-in swivel action effected by a ball bearing de- 
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vice. Metal markers can be introduced into the field 
for the purpose of demonstrating details. By the 
addition of special graphs marked off in centimeters, 
desired measurements can also be obtained as the 
metal marker traverses the field. The size of the 
stereoscopic images, 10X10 cm., is ample for each 
person in the audience to obtain adequate visualiza- 
tion of even finer details. For this purpose a roent- 
gen-ray stereocomparator, which can be adjusted to 
accommodate such slides, is required. The use of polar- 
ized light is also essential.—¥. Zausner, M.D. 


Duckett, Guy. Requisites for good x-ray 
cinematography. ¥. Canad. Ass. Radiol., 
Dec., 1960, 77, 81-83. (From: Jean Talon 
Hospital, Montreal, Quebec, Canada.) 


An outline of conditions to be observed in order to 
produce excellent results in cinematography is pre- 
sented. Under appropriate headings, methods to 
obtain better film recordings with lower patient 
exposure are elucidated, and faulty procedures are 
analyzed. 

1. Roentgen-ravy Factors: (a) high kv., (b) grid, 
(c) diaphragms, (d) centering. 

High kv. is necessary for particular situations, 
along with a grid and well-collimated beam. The 
beam should be well centered to the image inten- 
sifier. 

2. Image Intensifier: (a) spot, (b) centering. 

The intensifying factor and the contrast in the 
image depend on the vacuum of the tube. Activation 
of the electron vacuum system regularly will permit 
removal of the “‘spot.” At all times the relation of the 
roentgen-ray beam to the center of the image inten- 
sifier should be perfect. 

3. Lenses should be both good and fast. 

4. Camera: (a) sturdy, (b) large loading capacity, 
(c) variable speed. 

It goes without saying that a piece of equipment 
used daily should be well constructed. Four hundred 
feet of film should be available for uninterrupted 
work in gastrointestinal series. A film speed ranging 
from 6 frames per second to 60 frames per second is 
recommended depending on the examination. 

5. Film Selection: (a) Cineflure, (b) Tri-X, (c) 
Plus-X, (d) Shellburst, (e) Cine-Ray. 

Cineflure is a fast and contrasty film. Tri-X is fast 
and contrasty, not as grainy as Cineflure; it also has 
the advantage of being used as either a reversal or a 
negative film. Plus-X, as well as Cine-Ray, is a 
medium speed film. It is preferred by the author. 
Shellburst is a low speed, low contrast and grainy 
film and requires more radiation. 

6. Processing: (a) high gamma, (b) sufficient de- 
veloping time, (c) cleanliness, (d) preservative. 

X-ray developer happens to be a solution which 
will give a very high gamma. This is a quantitative 
photographic measure of the contrast obtained with 
processing. It follows that the film should be fixed 
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properly, and cleanliness in dark-room procedures 
should be respected. 

7. Resolution Tests: a method of comparing results 
is to check with ordinary screen mesh having 6 lines 
to the centimeter. This should be done regularly as 
a routine. 

This comprehensive study should be profitable 
reading for any radiologist who is now doing or 
contemplating cine-roentgenology.—David C. Alf- 
tine, M.D. 


MISCELLANEOUS 


McRae, D. L. Diagnostic x-ray exposures: the 
middle road. Canad. M. A. F., Oct. 29, 1960, 
83, 929-933. (From: Department of Neurol- 
ogy and Neurosurgery, Montreal Neurolog- 
ical Institute, McGill University, 3801 Uni- 
versity St., Montreal 2, Quebec, Canada.) 
Such hysteria has recently surrounded the 

allegedly harmful effects of small amounts of radia- 

tion that some people refuse to have necessary roent- 
genologic examinations that are essential to their 
life and well being. To allay apprehension the doctor 
must know the facts about the effects of small 
amounts of radiation on man and must exercise com- 
mon sense in the application of diagnostic roentgen 
techniques. For practical purposes the weekly maxi- 

mum permissible dose of whole body radiation is 0.1 

rem. There seems to be no genetic effect, although 

yet unproven, from low doses of radiation to the 
gonads up to § rem per year. 

The controversy persists partially because the con- 
cept and definition of radiation dose is not definite 
and because it is almost impossible to duplicate ex- 
perimental conditions that have so many variables. 
Also, authors and research workers with different 
backgrounds interpret the same data to reflect their 
own training and experience and therefore unanimity 
of opinion is hard to achieve. 

Common sense dictates that any examination which 
is a critical factor in the treatment of the patient 
should be done. Routine or survey type examinations 
with an appreciable gonadal dose should either be re- 
evaluated or eliminated. These include such pro- 
cedures as pre-employment spine examinations, re- 
peated mass chest surveys with the pelvis unshielded, 
annual intestinal examinations of asymptomatic 
executives below the age of 40, pelvic roentgen- 
ography of pregnant women, fluoroscopic examina- 
tions of well babies and children, and fluoroscopic 
shoe fittings. 

The examining radiologists and technicians must 
protect themselves by keeping out of the primary 
beam and away from the secondary radiations of the 
patient, and by being certain always to wear protec- 
tive aprons and gloves, or standing behind protective 
shields. 

The patient’s gonads must be protected by keep- 
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ing them out of the primary roentgen-ray beam 
whenever possible, by keeping the part of the pa- 
tient to be roentgenographed as far from the gonads 
as practical, by local shielding of the gonads when- 
ever feasible and by reducing the output of diag- 
nostic machines to the lowest possible level. Special 
consideration should be given to shielding of the 
gonads during dental examinations when the primary 
beam is directed at the region of the gonads during 
roentgenography of the upper teeth, and to the 
elimination of superfluous views about the abdomen 
and pelvis. Properly filtered, calibrated and shielded 
machines must be used along with clean, high speed 
intensifying screens and fast films complemented by 
meticulous dark room technique. Fluoroscopic gonad- 
al exposure can be reduced by intermittent viewing 
and also, the author suggests, by removing the grid 
as its use doubles or triples the gonadal dose to the 
patient. He feels that an equal or greater reduction of 
scattered radiation, and an increase in sharpness and 
contrast of the image can be obtained by using small 
shutter openings. The use of image amplifiers results 
in an even further reduction in radiation exposure. 


Donald M. Monson, M.D. 


Brown, Reynoip F., Hestep, Joun, and 
Eaps, Witt1amM. Number and distribution of 
roentgenologic examinations for 100,000 
people. Radiology, Mar., 1960, 74, 353-363. 
(Address: R. F. Brown, Department of Radi- 
ology, University of California Medical Cen- 
ter, San Francisco, Calif.) 

The increasing use of ionizing radiation in medi- 
cine has reached such proportions that the resulting 
exposure to man requires re-evaluation. Gonadal 
doses, in particular, need scrutiny because of the in- 
duction of deleterious mutations by radiation. In an 
effort to arrive at reliable estimates of the gonadal 
dose contributed by diagnostic roentgenology, the 
authors present a monumental study of the number 
and distribution by age and sex of the diagnostic ex- 
aminations of all members of the Kaiser Foundation 
Health Plan for the years 1956 and 1957. This con- 
stitutes a total of 100,000 registrants for two con- 
secutive years. 

On the basis of Laughlin and Pullman’s estimated 
dose per examination, the total gonadal dose was 
calculated as 1.2 to 1.§ r per person, up to the age 
of thirty years. The authors feel that the basic data 
used in this present study are as reliable as those 
employed by the various authors for estimates pub- 
lished in 1956 by the National Academy of Sciences. 
It would seem that the gonadal exposure up to age 
thirty of the population of the United States lies be- 
low the 4.5 r “probable average”’ which is widely used 
and quoted. 

The authors conclude that a gonadal dose of below 
1.5 r during the course of thirty years is readily at- 
tainable without altering the present use of diag- 


May, 1961 


nostic roentgenology. Also, if roentgenologic ex- 
aminations are based on medical indications and if 
the proper equipment and technique are used, an 
average gonadal dose of less than s00 mr in thirty 
years could be achieved.—Edward B. Best, M.D. 


Biarz, Hanson. A comprehensive radiation 
control program in New York City. Radi- 
ology, Mar., 1960, 74, 474-479. (Address: 
Office of Radiation Control, 386 Fourth Ave., 
New York 16, N. Y.) 


A Radiation Health Code has been in effect in 
New York City since June, 1958. The code provides 
for registration of all radiation sources within New 
York City and requires compliance with recommen- 
dations of the National Committee of Radiation 
Protection. Over 12,000 installations were registered 
during the first few months of operation of the code. 
The radiation control problem in New York City is 
twofold. One part consists in administration of the 
Health Code to make certain that radiation workers, 
medical and dental patients and the general popula- 
tion are not being unnecessarily exposed to radiation 
and radioactive materials. The second part of the 
problem calls for plans to guard against some of the 
adverse effects of radiation incidents and accidents. 

Inspection of registered installations has uncovered 
a number of deficiencies. An alarming number of 
roentgenograms were being taken without adequate 
collimation of the roentgen-ray beam. Barriers to 
protect technicians were not always present and, 
when available, were not always used. Some unsatis- 
factory installations have been found. Twenty-seven 
per cent of the installations in New York City have 
roentgen-ray equipment over twenty years old. 
Structural shielding in many of the older roentgen- 
ray therapy installations has been found to be inade- 
quate. A conversion period of not more than five 
years from January, 1957 is recommended. All neces- 
sary modifications should be completed within this 
time. A public and professional educational program 
is being conducted. Copies of Handbook 60 have 
been supplied to physicians and dentists. Informa- 
tion bulletins have been prepared listing the most im- 
portant rules for each type of equipment, including 
medical, roentgenographic, dental, mobile, therapeu- 
tic and fluoroscopic.—Arno W. Sommer, M.D. 


Evkinp, Mortimer M. Cellular aspects of tu- 
mor therapy. Radiology, April, 1960, 74, 
529-541. (Address: National Cancer Insti- 
tute, Bethesda 14, Md.) 

This is a highly technical paper, of particular inter- 
est to radiobiologists, in which experimental studies 
of the effects of irradiation of tissue cultures (using 
two established cell lines of the Chinese hamster) 
have shown that a surviving cell can completely re- 
pair the sublethal events which it has experienced at 
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the time of exposure before the first postirradiation 
division, and that twenty-four hours is enough time 
for substantial, if not complete, recovery of surviving 
cells in the culture. 

When the recovery effects observed in a culture 
are used for a theoretic analysis of tumor therapy, 
it is found that the total dose required to reach a 
given survival level is predicted to increase rapidly 
with the number of treatments. This is in general 
agreement with the variation of tumoricidal doses 
with number of treatments observed in practice. 
This, in turn, suggests that the relationship between 
total dose for a given survival and total number of 
treatments, the “‘isosurvival” curve, is the same as 
the relationship between tumoricidal dose and total 
number of treatments, the “‘isoeffect” curve, thus 
reinforcing the view that radiotherapeutic effects 
can be evaluated on the basis of cell survival. 

In addition to the derivation of isosurvival curves, 
the quantitative evaluations of cellular survival and 
recovery permit estimat ons of the effects of under- 
treatment for a given dosage schedule. In practice, 
undertreatment may result from an underestimation 
of the influence of recovery on the total dose required, 
or from an inability to complete a given treatment 
course due to patient response. In those cases in 
which the principle of treatment to tolerance is em- 
ployed, but without success even when a limited 
field is involved, it is reasonable to believe that the 
delivery of a larger total dose could have been suc- 
cessful. On the basis of survival criteria, it is not pos- 
sible at this time to estimate quantitatively when the 
limit of tolerance will be reached in a given case. If it 
is assumed, however, that patient tolerance can be 
associated with lethal injury to normal tissue, then it 
is possible to show that significant insights on a rela- 
tive basis with regard to different courses can be 
obtained from survival criteria which duly account 
for cellular recovery. 

The object of this paper is to develop such insights 
through the application of the results of tissue cul- 
ture studies to the therapy problem. The survival 
curve theory, a brief description of the experimental 
techniques, data on the survival and recovery of cells 
irradiated in vitro, and the application of the observa- 
tions to therapy are presented.—Walter H. Farvis, 


Tr. M.D. 


Court-Brown, W. M., Dott, R., and Hitt, A. 
Braprorp. Incidence of leukaemia after ex- 
posure to diagnostic radiation in utero. Brit. 
M. F., Nov. 26, 1960, 2, 1539-1545. (From: 
Medical Research Council’s General Effects 
of Radiation Research Unit, Western Gen- 
eral Hospital, Edinburgh, Scotland.) 


Pregnant women who received diagnostic irradia- 
tion directed toward their abdomen or pelvis between 
1945 and 1956 were identified in the records in the 
radiological departments of eight hospitals in London 
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and Edinburgh. The live births from these preg- 
nancies were checked against the names of all child- 
ren who had died of leukemia in Britain between 
1945 and 1958. 

Information was obtained about 39,166 live-born 
children. Nine of these were discovered to have died 
of leukemia before the end of 1958. The expected 
number was estimated to be 10.5. There was no evi- 
dence of any disproportionate occurrence of leukemia 
among the children who had been most heavily ir- 
radiated nor among the children who had been ir- 
radiated early in intra-uterine life. 

It is concluded that an increase of leukemia among 
children due to roentgenographic examination of 
their mother’s abdomen during the relevant preg- 
nancy is not established.—George Tievsky, M.D. 


Pocuin, E. Eric. Leukaemia following radio- 
iodine treatment of thyrotoxicosis. Brit. 
M. F., Nov. 26, 1960, 2, 1545-1550. (From: 
Medical Research Council Department of 
Clinical Research, University College Hospi- 
tal Medical School, London, England.) 


During the past 20 years 60,000 patients have been 
treated for thyrotoxicosis with radioiodine. Reports 
have already been published of 8 cases of leukemia in 
patients who have undergone such treatment. The au- 
thor attempts to (1) assess the number of cases that 
would be expected to have occurred in the United 
Kingdom purely on a chance basis, whether radioio- 
dine treatment has been given or not and (2) to 
establish the total number of cases that have, in fact, 
occurred in the United Kingdom, United States, 
Canada, and Austria. 

Leukemia is known to have developed in 18 pa- 
tients treated with radioiodine for thyrotoxicosis in 
these latter countries from a total of 60,000 thyro- 
toxic patients treated. 

Application of natural leukemia rates appropriate 
to the sex, age and nation of these patients suggest 
that approximately 21 cases of leukemia would be 
expected to have occurred fortuitously among them 
whether radioiodine had been given or not. Eighteen 
cases were known to have developed following 
radioiodine therapy as uncovered by this survey. 
The intervals between radioiodine treatment and 
diagnosis of leukemia are consistent with a chance 
distribution. 

Of the 17 cases in which the type of leukemia is 
known, 13 were diagnosed as acute, a proportion 
slightly higher than that to be expected on the basis 
of data for England and Wales, on the frequency of 
acute leukemia in a normal population of correspond- 
ing age and sex. 

These estimates are believed to indicate that the 
present known records of cases in which leukemia 
has followed radioiodine treatment of thyrotoxicosis 
give no indication that this treatment is inducing 
leukemia. At the same time they clearly do not ex- 


| 


1006 


clude this possibility since the total number of cases 
of leukemia might greatly exceed the number at pres- 
ent known to have occurred. 

The only value of this report, according to the au- 
thor, is in showing that the information at present 
available appears to give no indication of the induc- 
tion of leukemia by radioiodine treatment of thyro- 
toxicosis. The author emphasizes that it seems im- 
portant that the quantitative aspect of this question 
shall be studied more widely and kept under review, 
not only to detect or estimate the frequency of any 
leukemia induction that might occur, but also be- 
cause the total of patient-years experienced since 
treatment is increasing rapidly in all countries con- 
cerned and many more cases of leukemia will occur 
fortuitously among these patients during the next 
few years. Unless the likely scale of this increase is 
appreciated there is some risk that the mere multi- 
plication of case reports will seem to afford evidence 
that leukemia is being induced by the treatment. 
George Tievsky, M.D. 


Lewis, T. L. T. Leukaemia in childhood after 
antenatal exposure to x rays; survey at 
Queen Charlotte’s Hospital. Brit. M. F., Nov. 
26, 1960, 2, 1551-1552. (From: Department 
of Obstetrics and Gynaecology, Guy’s Hospi- 
tal, London, England.) 


To test the validity of the statistical report of Dr. 
Alice Stewart and her co-workers concerning the in- 
creased incidence of leukemia in children who have 
been irradiated in utero, the author undertook an in- 
vestigation into the incidence of leukemia in children 
who were born at Queen Charlotte’s Hospital. 

At the time of Stewart’s first paper about 25 per 
cent of the babies born at Queen Charlotte’s Hos- 
pital were being irradiated in utero. Osborn and 
Smith (1956) estimated that not less than 16 per 
cent of pregnant women in England and Wales had 
an obstetric abdominal roentgenographic examina- 
tion. Thus if antenatal irradiation is a cause of leu- 
kemia subsequently in the child there ought to be a 
greater incidence of the disease in children who had 
been born in Queen Charlotte’s Hospital compared 
with the national average; more leukemic children 
should be found in those who had been irradiated 
than in those who had not. Of 12, 657 non-irradiated 
control cases up to six years of age, 7 deaths from 
leukemia occurred, an incidence of I in 1,808. Of 
4,291 irradiated cases over the same period of time, 1 
death from leukemia occurred, an incidence of 1 in 
4,291. 

The author concludes that although the figures ob- 
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tained so far are not large enough to show a tendency 
for irradiation of the fetus to cause I case of 
leukemia in 40,000 births, they do show that the 
tendency is not very much greater.—George Tievsky, 


M.D. 


Bean, R. H. D. Phenylbutazone and _leu- 
kaemia; possible association. Brit. M. F., 
Nov. 26, 1960, 2, 1552-1555. (From: Re- 
patriation General Hospital, Heidelberg, Vic- 
toria, Australia.) 


Six cases of leukemia occurring in elderly males 
are reported following the administration of phenyl- 
butazone. The author states that this may entirely be 
due to chance, but the fact that this group of cases 
has been observed in a relatively short period in a 
medical service, the clientele of which is largely 
limited to veterans of the 1914-18 and 1939-45 wars 
must be given some weight. 

If in these patients phenylbutazone is active as a 
carcinogen, then this is a result of a dose and a dura- 
tion of treatment that have varied from 10 grams 
over a three week period in Case 1, to some hundreds 
of grams in four years in Case 11. 

All patients were elderly and rather poorly nour- 
ished. Tuberculosis was present in 3 of these pa- 
tients. A third feature of importance was the 
bizarre clinical and histologic picture present. In the 
more acute cases the peripheral blood film and bone 
marrow morphology were atypical and difficult to 
interpret. Bone marrow aplasia and hemolysis were 
associated with the illness in at least 3 out of the 6 
cases. In the first 4 cases and the last one, the leu- 
kemic phase was extremely short and treatment ap- 
parently produced at the best transitory improve- 
ment.—George Tievsky, M.D. 


Macnata, G. Rascher Nachweis einer Thoro- 
trast-Intoxikation. (Rapid demonstration 
of thorotrast intoxication.) Wien. klin. 
Wehnschr., Nov., 1960, 72, 809-810. (From: 
Institut fiir Gerichtliche Medizin der Uni- 
versitat Wien, Vienna, Austria.) 

Analysis of biopsy material by means of a gamma 
spectrometer and scintillation counter gives rapid in- 
formation concerning retained amounts of thorium as 
well as its disintegration products. Comparison of the 
energy spectrum with a known standard furnishes 
the quantitative measurements. The equipment used 
in this study was obtained from Nuclear Chicago 
Corporation.—¥. Zausner, M.D. 
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